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Abstract

By constructing a dynamic stochastic general equilibrium model,
which assumes a currency union consisting of two countries with non-
tradables, we verify the importance of fiscal policy cooperation. As
shown in previous studies, we find that the role of fiscal policy is
important in maximizing social welfare. However, we have a con-
trary result for fiscal policy cooperation. While the previous studies
highlight that fiscal policy cooperation has a nontrivial effect in max-
imizing social welfare, we show that fiscal policy cooperation has no
benefits regardless of the share of nontradables. Self-oriented fiscal
policy can replicate social welfare under the cooperative setting.

Keywords: currency union, DSGE, policy cooperation, optimal monetary
policy, monetary and fiscal policy mix JEL Classification: E52; E62; F41



1 Introduction

Although widely discussed in the literature on money and finance and interna-
tional macroeconomics, currency unions still raise new issues in these fields. The
establishment of the European Monetary Union (EMU), which is the largest and
most important, provides researchers with important research agendas.!

For member countries of a currency union, who can no longer conduct their
own monetary policy, the role each country’s fiscal policy plays as a stabilization
or social welfare-maximizing tool is an important issue and has been discussed
in detail by many authors. Assuming a lump-sum tax, Benigno[5] analyzes op-
timal monetary policy in a two-country model with perfect risk sharing. He
implies that a central bank within a currency union can achieve welfare maxi-
mization not only union-wide but also in each country without support from a
fiscal authority. After introducing some frictions, this implication changes. As-
suming a currency union consisting of an infinite number of countries, Gali and
Monacelli[19] insist on a monetary and fiscal policy mix to maximize social wel-
fare. Under this framework, the central bank can maximize union-wide welfare,
whereas it needs strong support from the fiscal authorities to maximize welfare
in each country. Introducing rule-of-thumb consumers, who are constrained to
spending out of their current disposal income, Colciago, Ropel, Muscatelli and
Tirelli[14] find that fiscal policy plays a role not only as a surrogate for the
loss of nominal exchange rate flexibility, but also as a stabilization tool for rule-
of-thumb consumers’ consumption. Ferrero[16] analyzes optimal monetary and
fiscal policy in a two-country currency union with a distorted steady state, and
finds that optimal fiscal policy is essential in a currency union to maximize so-
cial welfare. While these papers only assume tradables, Duarte and Wolman[15]
introduce nontradables in their currency union model and show that inflation
differentials can be stabilized by adjusting taxation, although they did not con-
sider optimization problems for policy authorities. To summarize the policy
implications of these previous studies, fiscal policy is important for stabilizing
an economy or enhancing social welfare in a currency union under assumptions
that take into account the real economy.

After accepting the importance of fiscal policy in a currency union, we now
focus on how to conduct fiscal policy. In particular, discussion on fiscal policy
cooperation is not trivial because the EMU consists of many countries. At
present, only Beetsma and Jensen[3] have clear policy implications on this topic;
fiscal policy cooperation is essential and important for enhancing social welfare
via avoiding Nash equilibria brought about by noncooperative fiscal authorities.?

It cannot be said that the importance of fiscal policy cooperation is an
established policy implication with no opportunity for further discussion because
only Beetsma and Jensen[3] show the importance of fiscal policy cooperation.
However, the Maastricht Treaty and the Stability and Growth Pact provide the

L According to Rose[30], the EMU is the largest and most important currency union.
2Duarte and Wolman[15], analyzing fiscal policy in a currency union with nontradables,
left an analysis of fiscal policy cooperation as a future research agenda.



legal foundations for organizing fiscal cooperation in the EMU.? According to
Beetsma and Jensen|[3], there is pressure for more fiscal cooperation in Europe.
In addition, the fiscal crisis in Greece in March 2010 urges the member countries
of the EMU implementing cooperative financial assistance, and provides policy
authorities with motivation to discuss the necessity of fiscal policy cooperation.
There is room for fuller discussion of fiscal policy cooperation in a currency union
because so far only Beetsma and Jensen[3] have analyzed it clearly, and such a
discussion is an urgent task for researchers because of the current situation in
Europe.

How important is fiscal policy cooperation in a currency union? To answer
this question, we construct a dynamic stochastic general equilibrium (DSGE)
model with a currency union consisting of two countries with nontradables.
Introducing nontradables is not trivial because Beetsma and Jensen[3] assume
only tradables. Using this model, we analyze two policy regimes: (i) optimal
monetary policy alone, where the central bank conducts monetary policy to
enhance social welfare; and (ii) the optimal monetary and fiscal policy mix,
where not only the central bank but also local governments in two countries
seek to enhance social welfare, under both cooperative fiscal authorities and
self-oriented fiscal authorities. In addition, we solve an optimization problem
based on a well-microfounded loss function and conduct welfare analysis, which
Duarte and Wolman[15] who develop a currency union model with nontradables
to analyze fiscal policy, leave for future research.

The answer to our question is that there are no gains from fiscal policy
cooperation. Interestingly, our policy implication is not dependent on the share
of nontradables. Whether there are nontradables or not, self-oriented fiscal
policy can replicate the allocation brought about by a cooperative setting. This
implication is contrary to Beetsma and Jensen[3]. In addition, it is contrary to
Liu and Pappa[23], who show the importance of policy cooperation in a two-
country model with nontradables under a flexible exchange rate. Our policy
implication is novel compared with previous studies. In addition, our policy
implication does not necessarily depend on parameter values, which removes
fiscal authorities’ incentive to change the terms of trade (TOT), but may depend
on the choice of stabilization tool for fiscal authorities. In a later section in this
paper, we discuss why our policy implications do not depend on parameter
values, and compare the results of our paper with those derived by previous
papers.

Before we analyze fiscal policy cooperation, we show that as the share of
nontradables increases, the role of optimal fiscal policy in enhancing social wel-
fare becomes more important. Nontradables lead to consumption disparity be-
tween two countries, which stems from the consumer price index (CPI) disparity

3Beetsma and Jensen[3] do not mention the plausibility of the Stability and Growth Pact
itself. Canzoneri, Cumby and Diba[12] discuss fiscal discipline and exchange rate systems and
conclude that to maintain a common currency union, the discipline of a Ricardian regime
is essential. They also point out that the fiscal constraint written into the Stability and
Growth Pact is sufficient for a Ricardian regime, although they do not mention fiscal policy
cooperation.



between the two countries. That nontradables causes the CPI disparity is con-
sistent with Lipinska[22], who analyzes optimal monetary policy in countries
wanting to join the EMU, and shows that nontradables’ productivity shocks
lead to a stronger real exchange rate depreciation. This is the reason why fiscal
policy is important provided it is used to stabilize each economy by mitigating
the CPI disparity.

The paper is organized as follows. Section 2 constructs the model. Section
3 presents a log-linearized version of the model. Section 4 analyzes a role of
optimal fiscal policy under a cooperative setting. Section 5 considers the self-
oriented policy settings needed to secure the allocation brought about by a
cooperative solution. Section 6 concludes the paper. The technical details are
derived in appendix.

2 The Model

We construct a closed-system currency union model belonging to the class of
DSGE models with nominal rigidities and imperfect competition, following Ob-
stfeld and Rogoff[26] and Gali and Monacelli[18]. The union-wide economy
consists of two equally sized countries, countries H and F. Country H pro-
duces an array of differentiated goods indexed by the interval h € [0, 1], while
country F' produces an array of differentiated goods indexed by f € [1,2].

2.1 Households

The preferences of the representative household in country H are given by:

o0
U=Ey > 8T, (1)
t=0
where U, = InC; — ﬁNtIW’ denotes the period utility in country H; E; de-
notes the expectation, conditional on the information set at period ¢; § € (0,1)
denotes the subjective discount factor; C; denotes consumption in country H;
N = Nyt + Nprt denotes hours of work in country H; Ny and Ny, denote
hours of work to produce tradables produced in country H and nontradables
produced in country H, respectively; and ¢ denotes the inverse of the labor sup-
ply elasticity. The preferences of the representative household in country F' is
defined analogously. Quantities and prices particular to country F' are denoted
by asterisks while quantities and prices without asterisks are those in country
H.
More precisely, private consumption is a composite index defined by:

o _
n-1|n-1

1 =t 1
Cy = '7"07‘715 + (1 —=7)" CNn,t ) (2)

L1
where C'r; = 2C ﬁ,tC i denotes the consumption index for tradables; Cg ¢, Cr
and Cjr; denote Dixit—Stiglitz-type indices of consumption across the tradables



produced in country H and produced in country F', and nontradables produced
in country H, respectively; v € [0,1] denotes the share of tradables in the
CPI; and n > 0 denotes the elasticity of substitution between tradables and
nontradables. Note that C} is defined analogously to Eq.(2) whereas C}; ,,
denoting the nontradables produced in country F replaces Cyr z.*

Total consumption expenditures by households in country H are given by
PH,tCH,t+PF,tCF,t+PN,tCN,t = PtCt, with PH,t and PF,t being Dlet*StlghtZ-
type indices of the price of tradables produced in countries H and F', respec-
tively, and Par; being Dixit—Stiglitz-type indices of the price of nontradables
produced in country H. A sequence of budget constraints in country H is given
by:

Dy + WiNi + S; > PiCy + EiQy 141D} 4, (3)

where @)t ¢4+1 denotes the stochastic discount factor, D} denotes the nominal
payoff of the bond portfolio purchased by households, W, denotes the nominal
wage, and S; denotes profits (net taxation) from ownership of the firms. The
budget constraint in country F' is defined analogously. Furthermore:

1

Po=|yPr + (- Py, (4)

denotes the CPI, Pr; = PHtPFt denotes the price index of tradables. F; is
defined analogously to Eq.(4 ) whereas Py +, denoting the price of nontradables
in country F', replaces Pyr ;. We assume that the law of one price always holds,
thus Py, = P, and Pp; = Pj,, implying that the prices of tradables are
equal in both countries. However, Py + and PJ,, are not necessarily equal in
both countries because these represent the prices of different goods. These facts
imply that purchasing power parity (PPP) does not necessarily hold. When all
goods are tradable, Eq.(4) implies P, = P;*; namely, PPP always holds.

The optimal allocation of any given expenditure within each category of
goods implies the demand functions, as follows:

2\ Pry Pry
’ .
oro=v(TE) Ciovi=a-n(5) o 6
t t

The representative household maximizes Eq.(1) subject to Eq.(3). The op-
timality conditions are given by:

cLP
0F; | 21 ) = — 5 O4NY = W (6)
C Pt+1 Rt Pt

4Following Stockman and Tesar[32], we assume that 7 is not necessarily unity, whereas
Obstfeld and Rogoff[26] implicitly assume that 7 is unity. Obstfeld and Rogoff[26] assume
cY 1—v
Ct =

TtC.N’t

W This implies n = 1 in our paper.



where R, = 1+ r; satisfying R, 1= E:Q¢++1 denotes the gross nominal re-
turn on a riskless one-period discount bond paying off one unit of the common
currency (in short, the gross nominal interest rate), and r; denotes the net
nominal interest rate. The first equality in Eq.(6) is an intertemporal optimal-
ity condition, namely the Euler equation, and the second equality in Eq.(6) is
an intratemporal optimality condition. Optimality conditions in country F' are
given analogously.

Combining and iterating the first equality in Eq.(6) with an initial condition,
we have the following optimal risk-sharing condition:

Cy =9C; Qy, (7

with Q; = denotmg the CPI differential between the two countries and ¢
denoting a constant depending on the initial value. When C_y =C*;, = P_; =
P*, =1, we have ¥ = 1.° In addition, we have C; = C} which implies that the
marglnal utility of consumption is equal between the two countries; namely, con-
sumption is equal between the two countries because of the logarithmic utility
function when PPP is applied. Our paper allows the existence of nontradables
and if there are nontradables, C; = C} no longer applies because Q; # 1. In
that case, there is consumption disparity between the two countries and the sin-
gle central bank can no longer stabilize both countries simultaneously. Hence
the necessity of using fiscal policy to stabilize the economy of each country if
there are nontradables. This is an intuitive explanation as to why fiscal policy
is important in a currency union with nontradables.

Eq.(7) is useful for understanding intuitively why Gali and Monacelli[19] in-
sist on the importance of fiscal policy although they only assume tradables in a
currency union that consists of an infinite number of infinitesimally small coun-
tries. Because the home country is infinitesimally small, the share of the home
country price index in the union-wide price index is negligible. The marginal
utility of consumption between the home country and the union as a whole is
not equal and there is opportunity to conduct fiscal policy independently in
each country.®

5See Chari, Kehoe and McGrattan[13] for details.

6The reason why fiscal policy is important in a currency union is consistent with this
paper and Gali and Monacelli[19]; however, the stabilization tools and settings in these two
papers are clearly different. We assume that the fiscal authorities adjust the quantity of
government bonds, while Gali and Monacelli[19] assume that the fiscal authorities adjust
government expenditure. In their setting, fiscal authorities’ funds are lump-sum taxes, while
in our setting, fiscal authorities’ funds are obtained by issuance of government bonds. Such
new bond issues change the distribution of private savings and that may change output and
inflation. In Gali and Monacelli[19]’s lump-sum taxes setting, how the government secures
funds for spending is not clear because such a setting does not show an explicit government
budget constraint. In contrast, we show clearly how to manage government debt to maximize
social welfare by introducing explicitly a government budget constraint.



2.2 Firms

Each producer uses a linear technology to produce a differentiated good as
follows:

Yu:(h) = AgtNui(h), 5 Yni(h)=AniNy:(h), (8)

where Yy ¢ (h) and Y+ (h) denote the output of tradables h produced in country
H, and output of nontradables h produced in country H, respectively, and
Ap+ and Apr; denote stochastic productivity shifters associated with tradables
produced in country H and nontradables produced in country H, respectively.
Each producer in country F' uses a technology similar to that in country H.

Each firm produces a single differentiated good and prices its good to re-
flect the elasticity of substitution across goods produced given the CPI. This
is because each firm plays an active part in the monopolistically competitive
market. We assume that Calvo—Yun-style price-setting behavior applies, and,
therefore, that each firm resets its price with a probability of 1 — « in each
period, independently of the time elapsed since the last adjustment.

When setting a new price in period t, firms seek to maximize the expected
discounted value of profits. The first-order necessary conditions (FONCs) are
as follows:

E; [Z (a0)* (PrykCiyr) ™" Ve s (PH,t = CMCZ,t+k)] = 0
k=0

B | (a0)" (PryrCiir) ™" Vvt (pN,t - CMCJT\Lr,tJrk)] = 0, (9
k=0

where MCF , = wﬁ and MCR, , = (17:‘)/7:4,\” denote the nominal marginal
costs associated with tradables produced in country H and nontradables pro-
duced in country H, respectively; ?H,t and YN,t denote the total demands follow-
ing changes in the prices of tradables produced in country H and nontradables
produced in country H, respectively; f’H,t and ﬁ/\/,t denote the adjusted prices
of tradables produced in country H and nontradables produced in country H,
respectively; and ¢ = ffl is a constant markup, 6 > 1 denotes the elasticity
of substitution across goods produced within a country and 7 denotes the tax
rate.” Note that (PtJrkCtJrk)*l is the marginal utility of nominal income.

2.3 Local Government

Whereas monetary frictions are omitted and the limitations of a “cashless econ-
omy” are considered following Woodford[35] throughout this paper, monetary
policy has important implications for fiscal decisions, as the level of the interest
rate determines the debt burden and the inflation rate affects the real value
of debt. Fiscal policy consists of choosing one-period nominal risk-free debt to

"Ferrero[16] regards it as a value-added tax rate.



finance an exogenous process of public spending.® The flow government budget
constraint in country H is given by:

B =Ry 1B | — [Pps7 (Yui+ Yni) — Poi (Gae + Gari)] (10)

where By = P,B; denotes the nominal risk-free rate on bonds issued by the
local government in country H; B; denotes the real risk-free rate on bonds is-
sued by the local government in country H; Pp; = PH’tf,’;’iiix :YN L denotes
the weighted average price of goods produced in country H , nafnely, the pro-
ducer price index (PPI) in country H; and Pg,; = PH’th:iZAA”/ZGN L denotes
the average price of goods purchased by the government in couhtry H. The
local government in country F' has a budget constraint similar to that shown
in Eq.(10). For simplicity, we assume that government purchases are fully al-
located to a domestically produced good and that the total amount of these is
exogenous. For any given level of public consumption, the government allocates
expenditures across goods in order to minimize total cost. This equation be-
comes the New Keynesian IS (NKIS) curve after being combined with Eq.(6)
and log-linearized with the appropriate transversality condition.’

2.4 Market Clearing

The market for tradables and for nontradables in country H clears when do-
mestic demand equals domestic supply, as follows:

Yt (k) =Cuit (k) + Chpy (R) + Gui (R) 5 Yae (h) = Cne (h) + Gae (R), (11)

where CF;, (h) denotes country F’s demand for generic tradables produced in
country H.

Finally, we define countrywide output and government expenditure as fol-
lows:

_ Py
Pp;

PN,t
Pg

)

P P
N’tYNt DG =2

Y p—
k Pp; Pa

Y.+ Gt + Gn it (12)

where Y; and G; denote output and government expenditure in country H,
respectively.

8We assume the tax rate is common in each country and constant over time for simplicity,
whereas Ferrero[16], Schmitt-Grohe and Uribe[31] and Canzoneri, Cumby and Diba[12] assume
it can vary in each country and over time. In contrast, Gali and Monacelli[19] assume a
constant (negative) tax rate similar to our paper. A constant tax rate over time reflects
actual regimes, not only in the Euro area, but also in other countries, because adjustments of
the tax rate are infrequent.

9The transversality condition is given by lim E [Qt,k% (B,TCLJ,-BZ")] = 0 and
k— o0
klim E: [6k*tUc () RB} = 0 with B = B* > 0, which are consistent with Ferrero[16]
— 00

where variables without a time subscript denote steady-state values.



3 Log-linearized Model

This section describes the stochastic equilibrium that arises from perturbations
around the deterministic equilibrium. Lowercase letters denote percentage de-
viations of steady-state values for the respective uppercase letters when there is
no note to the contrary (i.e., vy = Vt, where V; denotes an arbitrary variable
and V denotes the steady-state value of V;). Lowercase letters accompanied by
R as a superscript indicate the logarithmic difference between the two countries
for the respective uppercase letters (i.e., v/ = v; — v}), while lowercase letters
accompanied by W as a superscript indicate the logarithmic weighted sum of
the two countries for the respective uppercase letters (i.e., v/¥ = 3 (v, +v})).

Combining Eqs.(4), (5) and (10)—(12) and the log-linear approximation, we
have NKISs as follows:

- Bw Bw Bw ,w
yXV = mEt%H Bw s + ﬁWEtﬂt.H + — 5 ﬁWbW 5 bt 1
Bw _w  8BT (1—7) BN BBt
— =Ty — —F= At — aN .t — QFp.t,
) 2 2 2

0O ol (13)
gt = —ProbE+Br(1—7)vn, — Br (1L —v)n_1 + BrbI | — Byam.,

+ Byapy — B(L =) ane + B(1—7) dj, + Srocys (14)

where §; = y; — ¥: denotes the logarithmic output gap measured from its natural
level in country H and g; denotes the logarithmic natural output level in country
H, which becomes g; = 0 under the long run equilibrium; 7, = dg‘ denotes the
deviation of the nominal interest rate from its steady-state value; m; denotes

the CPI inflation rate in country H; n, denotes the logarithmic nontradables
P

price disparity between countries H and F (NPD) with N; = %, Bw =
l-og)o _ op(l—0o _ _ —

Sigalin Br = gl v = 1_(1 = 5)w w=1+(n—1)y, vw =

[ecB(1—pg)+1—0g] _ [(Q=0g)di—(1=b)o B 63
BUBJr/foag)'r < » VR = [ acc)ﬁ'r (=) O'BB7 ﬁ 1‘LVPT’ BN =1- 1W5jc\;f’

— G
,§Wzyw+m—x anng:l/R—X,a'B:VandG'sz

being the steady-state ratio of government bonds to output and the steady-
state ratio of government expenditure to output, respectively; and pg < 1,
pr < 1 and ppyr < 1 being the coefficient associated with exogenous processes
on government expenditure, on the productivity shifter of tradables and on the
productivity of nontradables, respectively.'® When all goods are tradables, v =
1 is applied and Eq.(14) equals: § = —Brobl*+Brbf | —vam t+vari+srocgl,
in which not only the productivity of nontradables axr: and aj,,, but also
the NPD n; disappears. The appearance of the NPD in the equality implies
that nontradables magnifies the output gap disparity between the two countries
although risk sharing is perfect internationally. This is the reason why a higher

3_ (1-0c)(1te)
B = (=oc)lite)

10We assume that the government expenditure and productivity shifters follow AR(1) pro-
cesses (see Subsection 4.2.)



share of nontradables increases the importance of the role of fiscal policy in
maximizing social welfare. In addition, we can understand why Ferrero[16)
highlights the importance of optimal fiscal policy in a currency union, although
he does not assume nontradables. When the steady-state value of the quantity
of government bonds and expenditure are zero, cg = 0g = 0, which implies an
efficient steady state and this is assumed by Benigno[5]. In this case, Eq.(14)
becomes: Gt = —vyam+ + yar,:, which implies that only productivity affects
the output gap disparity.'! Following Ferrero[16], we assume a distorted steady
state where op = o = 0 is not applied. In this case, relative government
expenditure affects the output gap disparity and the role of fiscal policy is larger
than the case of og = 0¢ = 0, although there are no nontradables.

Combining Eqgs.(5)—(9), (11) and (12) and taking a log-linear approximation,
the NKPCs in terms of the output gap are given by:

KA . YK
Ye 5

wpt = 0Esmpy1 + ng, (15)

1—o0¢g
where 7p; denotes the PPI inflation rate in country H with k = (1_0‘)&;@), A=
1+4(1 —og)pand p = (1 — ) v (n — 1) along with its counterpart in country F.
When v = 1, Eq.(15) is written as mp; = 5Et7rp7t+1+%gt, which corresponds
with that derived by Gali and Monacelli[18], who insist that inflation—output
tradeoffs can be dissolved simultaneously in a small open economy under strong
parameter restrictions by inflation targeting. Indeed, when inflation targeting,
such as mp; = Wf;’t = 0 for all ¢, is introduced in our currency union with
special restrictions, i.e., v = 1 and op = o0g = 0, these equalities imply that
gt = gy = 0 for all ¢ and that the output gap is eliminated.

Combining Eqgs.(5)—(9), (11) and (12) and taking a log-linear approximation,
we have the New Keynesian real exchange rate determiner (NKRD), which is
our version of the real exchange rate determiner, as follows:

7r/l'?f,t = 5Etﬂ—]1\%l,t+1 + ’W’?JtR + KNy — Ky (1 - B) ag + Ky (1 - B) QFt,
—6[l+el=7)(1=B)]ans+r[1+o1-7)(1-58)]ak,,
ROG (p) R
-7 (1% 16
1-— oG ( A 9t > ( )
where Wﬁm = —(ng —ny—1) denotes relative nontradables inflation. Eq.(16)

equals q; = 0 which implies that the CPI disparity disappears between the
two countries when the currency union has no nontradables; i.e., as v = 1.12
In that case, the problem with the CPI disparity is resolved, because each
country has the same CPI. This implies that PPP holds. Furthermore, because
log-linearized Eq.(7) is given by q; = cf*, ¢® = 0, which means there is no
consumption disparity between both countries when q; = 0.

Benigno[5] and Gali and Monacelli[19] assume that all goods are tradable and

that the law of one price holds. However, PPP does not necessarily hold in Gali

111n addition, th = 0, which implies that there is no output disparity in that case.
12We obtain this result by substituting log-linearized Eq.(4) into Eq.(16).



and Monacelli[19]. They assume a currency union that consists of an infinite
number of countries, whereas Benigno[5] assumes a currency union consisting of
two countries. The settings in Gali and Monacelli[18] make a distinction in the
CPI between that of an infinitesimally small country’s economy and that of the
union-wide economy because the CPI in the former country does not affect the
union-wide CPI. This stems from the small open economy assumption. Thus,
g+ = 0 is not applied in Gali and Monacelli[19], although all goods are tradable.
In a later section, we suggest that optimal fiscal policy is very important for
stabilizing both inflation and the output gap simultaneously because of the
influence of the nontradables. The assumption of a small open economy does
not permit us to apply q; = 0. Thus, the policy implications of Gali and
Monacelli[19] and this paper are very similar, whereas the policy implications
of Gali and Monacelli[19] and Benigno[5] are contrary.

Eq.(16) depicts the real exchange rate anomaly, which is reported by Be-
nigno and Thoenissen|[8] and Canzoneri, Cumby and Diba[ll], who find that
the actual direction of changes in the real exchange rate cannot be explained by
the Balassa—Samuelson theorem. Eq.(16) well reflects their findings in a well-
founded micro setting. However, it cannot be easily understood because Eq.(16)
has correctly assumed nominal rigidities. To understand the nature of Eq.(16),
we inspect Eq.(16) without nominal rigidities. Under such a condition, Eq.(16)
can be rewritten as:

@ = L-N{er(1-Bags+[1+01—7)(1-8)]an:— v (1-B)ar:
n * ()00-
1+ —=7)(1=8)]aj, — 1o +C:095}, (17)

because @ = 0 and §; = g = 0 hold. Eq.(17) implies that an increase in the
productivity of tradables produced in country H causes an increase (depreci-
ation) in the real exchange rate. An increase in the productivity of tradables
produced in country H causes a decrease in the CPI in coutry H via a decrease
in the real marginal cost in the tradables and the nontradables sectors. Finally,
the real exchange rate increases (depreciates).

In addition, our NKRD is consistent with Altissimo, Benigno and Palenzuela
[1]’s equality, which determines the real exchange rate and corresponds to our
NKRD. Their equality shows that the productivity shifter of tradables does not
affect the real exchange rate and only the productivity shifter of nontradables
affects the real exchange rate, under their special setting where the relative risk
aversion, the elasticity of substitution between tradables and nontradables, and
the elasticity of substitution between tradables produced in countries H and
F' are all unity. Their special setting is consistent with our model, because
we assume Eq.(1) and an Armington form of the definition of the consumption
index for tradables and the elasticity of substitution between tradables and
nontradables does not appear in Eq.(16). Altissimo, Benigno and Palenzuela [1]
assume zero steady-state government expenditure, which corresponds to G = 0.
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Substituting G = 0 into Eq.(17) yields:

X dG\ "
Qt=(1_7> ANt — Apry Ld <—t)

- 18
' 1+ \ Y ’ (18)

which is consistent with the equilibrium condition on the CPI differential under
the special case corresponding to our setting derived by Altissimo, Benigno and
Palenzuela [1], who said that the Balassa—Samuelson effect disappears in that
special setting because the productivity shifter of tradables disappears as in
Eq.(18).13

4 Optimal Cooperative Solution

In this section, we analyze the macroeconomic implications of an alternative
policy regime for the Euro area: an optimal monetary policy alone regime and
an optimal monetary and fiscal policy regime under a cooperative setting. Fur-
thermore, we assume that each policy authority is responsible for minimizing
social losses. Under an optimal monetary policy alone regime, the central bank
is the only policy authority, whereas the central bank and local governments
in the two countries are both authorities under an optimal monetary and fiscal
policy regime. Policy authorities seek to minimize the social loss function sub-
ject to our structural model.'* Hereafter, let us assume n = 1, implying that
the elasticity of substitution between tradables and nontradables is unity, which
is assumed implicitly by Obstfeld and Rogoff[26], for simplicity.

The period loss function is derived by the welfare criterion. The welfare
criterion is derived by subtracting a second-order approximated FONC for firms
Eq.(9) MW from a second-order approximated utility function Eq.(1), which is
given by:

> 1 ~ ~ ~% ~ ~ ~% %
WV —emW = E Z5t {mwl [ytz + (U )2} — w2 (Grar + 7 ay)
t=0

4 1-o0g
+tip. +o ([,

. v x 1. N D(1—krMN) .
—@3 (Gegt + Y1 9¢ ) + ~@a {7"12% + (7"P,t) } + 7?4?/ )

13 Altissimo, Benigno and Palenzuela [1] show that an increase in the productivity of non-
tradables in the home (foreign) country increases (decreases) the real exchange rate, while an
increase in government expenditure in the home (foreign) country decreases (increases) the
real exchange rate when relative risk aversion, the elasticity of substitution between tradables
and nontradables, and the elasticity of substitution between tradables produced in countries
H and F are all unity. Because we consider a currency union, the logarithmic real exchange
rate corresponds to the CPI disparity q¢. Thus, Eq.(18) is consistent with the equation derived
by Altissimo, Benigno and Palenzuela [1].

0Our structural model consists of Eqs.(13)-(16) and a counterpart of Eq.(15) in country
F.
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with WW = Eq Y 6 (U} — U") denoteing the sum of the discounted value
=0

of the deviation of utility from its steady-state value, ® = 1 — 1= denot-
ing the steady-state wedge between the marginal rate of substitution between
consumption and leisure and the marginal product of labor, t.i.p. denoteing

the terms of the independent policy, o (||£ ||3) denoting the terms that are
higher than third order and @, ws, w3 and w4 being complicated coefficients
that consists of structural parameters in our model. Plugging the fact that
Eo Y% §tEU—EN ZW 4 MW =T into this equality, we have:

l—-o¢g

Lo [Ay o Ay o | Ar Ar
WWo= By ) 4 [§y3+—y(yt)2+—w%,t+—
t=0

2 2 2
+o(lel’),

which is the welfare criterion without linear terms where; §; = y; — y; denotes
the welfare-relevant output gap; ¥ = Qivam, + Q1 (1 — ) ant + Q2g; denotes
the logarithmic efficient level of output in country H; and I'g = iﬂ}/g‘fo denotes

(754)°| +To + t.ip.,

KA
a transitory component which is predetermined;, with A, = %, A, =
((11_-4;4;))9/{ + %, X=1+p)(1+P)(1-0g),s=(1+ go)2 (1- Jg)2 — 0% and

©=a(40 —1) — 3; and 2 and Qs are complicated coefficients that consist of
structural parameters in our model.

Because the transitory component is predetermined over the set of admissible
policies, the higher values of this welfare criterion correspond to lower values of
the loss function, which is given by:

o0
LV =Ey» L}, (19)
t=0
with:
1[A, . Ay 2 A Ar o2
LXV = 3 Tyyf + 7?! (97)" + 77712% + o (TrP,t) ) (20)

where L}V denotes the union-wide period loss function.'®

We now consider the difference in welfare loss between our paper and the
DSGE literature for an open economy. Our period welfare loss Eq.(20) has two
features that do not appear in other period welfare functions. First, Eq.(20)
implies that policy authorities should not minimize the output gap g;, but should
minimize the welfare-relevant output gap g: because of the distorted steady state

15Sutherland[33] and Benigno and Woodford[9] derive the second-order approximated utility
function without the presence of a linear term under the distorted steady state. Thus, we
follow Benigno and Woodford[10] to derive Eq.(20) because of the distorted steady state in
our model. See Appendix D for details on the derivation. Note that Woodford[35] discusses
how the presence of linear terms generally leads to an incorrect evaluation of welfare. A simple
example of this result is proposed by Kim and Kim[21].
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and the nonzero steady state value of government expenditure. When the steady
state is efficient and government expenditure is zero in the steady state, namely,
both ® =0 and o = 0 are applied, Eq.(20) can be rewritten as follows:

w_ (A+9) o (A+9) 2 0 , 0 . \2
L, = 1 Yy + 1 (r) +E7TP,t+E(7rP,t) )

which implies that the policy authorities have to minimize the output gap. This
expression is similar to Gali and Monacelli[18] and Gali[17]. Note that Q; =1,
Qy =0and yf =7 = vaus + (1 — ) ay, when & =0 and o = 0.

Second, by rewriting Eq.(20), we can see that nontradables affect the form of
the period loss. Using log-linearized Eqs.(5) and (11), Eq.(20) can be rewritten
as follows:

Ay [y (1— 2 _ Ay [(1— 1— 2
o A, (@XV)Q—%M(E—HV'F y [( ’)’)74?( 0¢)] (nt_ﬁt)2
A2v (1 —og)’ (1— A, A,
+ v 7 ( JZ) ( V)thnt+77123’t+7(7rf3,t)2v

where t; denotes the logarithmic TOT with T; = %, t; and n; denote the
logarithmic target level of the TOT and the NPD, resf)ectively, with t; = n; =
2 + D — t2zan — D al, + 5256l implying that
both the target level of the logarithmic TOT and the NPD are equal. As shown
in this equality, not only minimization of the distance of the TOT from its
target level, but also minimization of the distance of the NPD from its target
level are imposed policy objectives. Furthermore, a cross-term of the TOT and
the NPD appears in this equality. These facts imply that stabilizing the NPD
is essential for minimizing social loss in a currency union with nontradables.
However, when all goods are tradable, namely v = 1, this equality boils down
to:

_ A A 2
2 T T *
(ke — )" + 7”?% + > (7he)

Ay[y(1— UG)]2

LYV = A, )+ y

which is a familiar expression in the open economy version DSGE literature,
such as Benigno and Benigno[7], assuming all goods are tradable except for the
welfare-relevant output gap replacing the output gap. Because our model allows
for nontradables, our welfare loss does not necessarily correspond to the welfare
loss in other DSGE studies for an open economy.

Note that the linear constraints implied by our model’s structural equations
in terms of the welfare-relevant output gap differ from the constraints implied
by the equations in terms of the output gap. By using the definition of the
welfare-relevant output gap, the NKPC in country H Eq.(15) can be written as
follows:

KA
].—O'G

Tpt = 0E4Tpeqq + Ui + €t (21)
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where e, = k(1 + @) Qsvam,: + k(1 +¢) Q3 (1 — ) ant — kogQage is a com-
posite cost-push term with 23 and €24 denoting complicated coefficients. This
NKPC corresponds to the one derived by Benigno and Woodford[10]. A compos-
ite cost-push term indicates the degree to which the exogenous disturbances pre-
clude simultaneous dissolution of the tradeoff between inflation and the welfare-
relevant output gap. Thus, the inflation—output gap tradeoffs can no longer be
dissolved completely, even if all goods are tradable.

4.1 Role of Optimal Fiscal Policy

We next investigate the role of optimal fiscal policy by comparing FONCs,
which clarify the relationship between PPI inflation and the output gap under
the optimal monetary policy alone, and under the optimal monetary and fiscal
policy. Under both regimes, policy authorities minimize the sum of the dis-
counted value of social losses in Eq.(19), subject to the structural model with
commitment.'® Under the optimal monetary policy alone, only the central bank
minimizes Eq.(19) by choosing the sequence {7rp7t,7r}’t,3}t,gjf, nt,ft}:io, while
both the central bank and two local governments cooperatively minimize Eq.(19)
by choosing {7Tp7t, Tp . Yts Ut s Nty T, by b;‘}zo under the optimal monetary and
fiscal policy.

4.1.1 Optimal Monetary Policy Alone

Under the optimal monetary policy alone, the FONC for union-wide inflation
and the output gap is given by:

A (1 —Og) R R
WXV = —ZJAT (th - ylﬂ) ) (22)

which is a familiar expression in papers on optimal monetary policy in an open
economy. This implies that local government does not need to dissolve union-
wide inflation—output tradeoffs. A solitary central bank can stabilize both infla-
tion and the welfare-relevant output gap simultaneously, even though nontrad-
ables exist.”

Next, we investigate the relative block of the FONC. We are interested in
the effects of nontradables. Thus, we analyze the relative block of the FONC in

16Because of commitment, lagged Lagrange multipliers appear in the FONCs for policy
authorities. This means that policy authorities are able to affect the private sector’s inflation
expectations. See Appendix E.

17Because of the distorted steady state, the NKPC in terms of the welfare-relevant output
gap includes a cost-push term as shown in Eq.(21). This term indicates the degree to which
the exogenous disturbances preclude the simultaneous dissolution of the tradeoff between
inflation and the welfare-relevant output gap. While we have the FONC Eq.(22), the inflation—
output gap tradeoffs cannot be completely dissolved but they are close to being dissolved.
Under our parameterization, which is shown in Section 4.2.1, the standard deviations of the
union-wide inflation rate and the welfare-relevant output gap are 6.3215e-005 and 0.0014,
respectively. These standard deviations are equivalent under both optimal monetary policy
alone and optimal monetary and fiscal policy.
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both cases: namely, the case where all goods are tradable and the case where
there are nontradables. When all goods are tradable, namely, v = 1, the relative
block of the FONC is given by:

R _ Ay(l—O'G) R R 2(1—-o0g)

S (95 —9t) — S (p2,t — p2—1), (23)

where s ; denotes the Lagrange multiplier associated with Eq.(14); that is, the
relative block of the NKIS. This case corresponds to Ferrero’s (2009) setting.
Eq.(23) implies that the inflation—output tradeoffs no longer disappear simul-
taneously. Because of this, Ferrero[16] insists that fiscal policy is needed to
enhance social welfare. Next, we abandon the assumption that all goods are
tradable. In this case, the relative block of the FONC is given by:

Ay (1—0g) ,. . 2(1 - 0g)
TRy = —yAT (G = 9{t1) — AN (2,6 — p2,e-1)
_ 4 (1 - (TG) K ( 3 )
Ak (1 +0 4+ k) M5t — M5,t—1)
1
pse = (1—7)PBrops: + m%,t—l, (24)

where p5 ¢ denotes the Lagrange multiplier associated with Eq.(16), the NKRD.
The two equalities in Eq.(24) imply not only that the inflation—output tradeoffs
do not disappear simultaneously, but also that the relationship between inflation
and the output gap is weakened.

4.1.2 Optimal Monetary Policy and Fiscal Policy

Under the optimal monetary and fiscal policy, the FONC for union-wide inflation
and the output gap is given by Eq.(22). Thus, the union-wide inflation and the
welfare -relevant output gap are stabilized by optimal monetary policy and fiscal
policy although nontradables exist in a currency union.

The FONC for relative block inflation and the welfare-relevant output gap
is given by:

A, (1—-0 R R
wf, = -ll06) (gr_gn (25)

This equality also implies that relative inflation and the welfare-relevant output
gap are stabilized by optimal monetary policy and fiscal policy. Both Egs.(22)
and (25) imply that inflation—output tradeoffs disappear, not only at the union-
wide level, but also in each country under the optimal monetary and fiscal policy
regime. Note that we have Eq.(25), even though nontradables exist.

Why do we have Eq.(25) rather than Eq.(24)? Under the optimal monetary
and fiscal policy, we have 2+ = 0 as the optimality condition along with opti-
mality conditions derived under the optimal monetary policy alone, because we
not only have the nominal interest rate, but also government bonds in the policy
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function. We obtain Eq.(25) by substituting ps: = 0 along with the initial con-
dition ps,_1 = 0 into Eq.(24). Because of this, we have us, = 0, although this
equality is not obtained directly by implementation of fiscal policy. This fact
implies that optimal fiscal policy removes the effects of the CPI disparity, which
introduces the consumption disparity between both countries by removing the
disparity in the demand block.

4.2 Sensitivity Analysis
4.2.1 Parameterization

We run a series of dynamic simulations and adopt the following benchmark
parameterization. We set the values of the inverse of the labor supply elasticity
p, the elasticity of substitution across goods 6, the elasticity of substitution
between tradables and nontradables 7, the subjective discount factor 4, the
steady-state share of government bonds to output o, the steady-state share of
government expenditure to output og and the tax rate 7 equal to 3, 11, 0.75,
0.5, 1, 0.99, 2.4, 0.276 and 0.3, respectively, which is consistent with quarterly
time periods in the model.'® Except for «, 7, ¢ and 7, these parameterizations
are used in Ferrero[16].!? According to our calculation, nontradables account
for 50.3% of all goods in the Euro area; thus, we set the share of nontradables in
the CPI as v = 0.5.2° Following Obstfeld and Rogoff[26], we set = 1. We also
assume that the government expenditure and productivity shifters are described
according to the following AR(1) processes:

amt = prami—1+E&ut s art = prari—1 +E&res 5 ANt = pNaN -1 + €Nt
w w w R R R
ang = PN -1 HE s 9 = Pc9ic1 T8G9 = PcYio1 + &G
where Ea 1, Eres Nt S e Q/;Vﬂt and {g’t denote the i.i.d. shocks. We set pr, pn

and pg equal to 0.705, 0.784 and 0.8, following Batini, Harrison and Millard[2]
and Ribeiro[28].2!

1855 = 2.4 implies that the steady-state debt—output annual ratio is 0.6.

9Many DSGE studies use the parameter values in Rotemberg and Woodford[29]. However,
to compare our results with those derived by Ferrero[16] and to analyze the Euro area, we
mainly use his parameter values for the Euro area. More precisely, the parameter values of
0, 6, op, og are set as in Ferrero[16]. Ferrero[16], however, sets a different degree of price
rigidity in countries H and F. We set a equal to 0.75, which is assumed by Beetsma and
Jensen[3]. Because ¢ does not appear in Ferrero[16], we set it equal to 3, which is adopted by
Gali and Monacelli[18].

20Following the definition that regards goods produced in the manufacturing industry, agri-
culture, forestry, fishery and mining as tradables and regards goods produced in other in-
dustries as nontradables, as used by Canzoneri, Cumby and Diba[11], nontradables, in terms
of both current and purchaser’s prices, accounted for 50.3% of the sum of nontradables and
tradables in major Euro area countries such as Belgium, Germany, France, Greece, Italy, the
Netherlands, Portugal and Spain in 1999.

21There are few papers that estimate AR(1) parameters associated with the productivity of
the tradables and nontradables sectors separately. Following Benigno and Thoenissen[8], we
adopt the result of Batini, Harrison and Millard[2], who estimate AR(1) parameters associated
with the productivity of tradables and nontradables sectors separately. Note that we recognize
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To examine the impulse response functions (IRFs), we consider one percent
changes in the productivity shifter of tradables in country H, ag,., and the
productivity shifter of nontradables in country H, a ¢, to investigate the effects
of the existence of nontradables. Additionally, to compare our results with those
of Ferrero[16], we consider one percent changes in the union-wide government
expenditure shifter, g}V, and the relative government expenditure shifter, gf*.

4.2.2 Optimal Monetary Policy Alone

Figures 1 and 2 depict the IRFs under optimal monetary policy alone with
commitment, in the case where all goods are tradable, namely v = 1, and the
benchmark case, namely v = 0.5, respectively.?? First, we consider changes in
the productivity shifter of tradables in country H. In both cases, an increase in
the productivity shifter of tradables in country H causes a decrease in the PPI
inflation rate in country H through a decrease in the marginal cost of tradables
in country H (17th panel in Figures 1 and 2). When all goods are tradables,
this change simply decreases the welfare-relevant output gap in country H (9th
panel in Figure 1). Furthermore, when half of the goods are tradables, a decrease
in the marginal cost of tradables in country H stemming from an increase in
the productivity of tradables produced in country H causes a decrease in the
marginal cost of nontradables produced in country H. This is the cause of a
relative decrease in the CPI in country H (29th panel in Figure 2). This is in
contrast with the case where all goods are tradables where the CPI disparity does
not change (29th panel in Figure 1). A relative decrease in the CPI in country
H causes an increase in the NPD. A decrease in the price of nontradables in
country H boosts demand for nontradables in country H. Thus, the decrease in
the welfare-relevant output gap in country H in the benchmark case is smaller
than that in the case where all goods are tradables (9th panel in Figures 1 and 2).
This increase in the CPI disparity is inconsistent with the Balassa—Samuelson
theorem, which implies a decrease in the CPI disparity. This increase in the
CPI disparity is consistent with Benigno and Thoenissen[8]’s real exchange rate
anomally.

The volatility of the PPI inflation rate to changes in the productivity of
tradables in country H under the case where all goods are tradables and the
benchmark case, are 0.0080 and 0.0081, respectively (cells in the 11th row and
3rd column in Tables 1 and 2). Intuitively, the volatility of the PPI inflation
rate in the benchmark case is smaller than that in the case where all goods
are tradables, because just half of the goods are tradable. In the benchmark
case, however, a decrease in the marginal cost in the tradables sector decreases
the marginal cost in the nontradables sector. Thus, the effect of the changes

that their estimated parameters are smaller than those used in most RBC studies. Ribeiro[28]
is one of the few papers that estimate autoregressive processes of government expenditure in
Europe. We adopt his estimation result.

22Given the benchmark parameterization, the four eigenvalues are larger than 1 in value
for the four forward-looking variables under the optimal monetary policy alone regime. The
Blanchard—Kahn conditions are met.
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in the productivity of tradables in country H to the PPI inflation rate is larger
in the benchmark case. Clearly, existence of nontradables makes the PPI in-
flation rate more volatile. In addition, as mentioned in the latter section, this
decreases social welfare and makes fiscal policy more important when there are
nontradables.

The dynamics brought about by changes in the productivity shifter of trad-
ables in country H can be confirmed by investigating the model, especially the
relative block. Eq.(14) implies that an increase in the productivity shifter of
tradables in country H decreases the welfare-relevant output gap disparity be-
tween both countries. The definition of NPD inflation and Eq.(16) shows that
a decrease in the welfare-relevant output gap disparity between both countries
increases the CPI disparity although a decrease in the welfare-relevant output
gap disparity does not change the CPI disparity in the case where all goods are
tradables. Monetary policy alone can simultaneously stabilize both the welfare-
relevant output gap and the union-wide inflation rate by increasing the nominal
interest rate.??> However, the country-level welfare-relevant output gap and in-
flation rate cannot simultaneously be stabilized in both cases. In the case where
all goods are tradables, a distorted steady state avoids simultaneous stabiliza-
tion of both the welfare-relevant output gap and the inflation rate, as shown in
Eq.(14). In the benchmark case, both a distorted steady state and the existence
of nontradables avoids simultaneous stabilization of both the welfare-relevant
output gap and the inflation rate, as shown in Egs.(14) and (16). Because these
two equalities help avoid simultaneous stabilization, fluctuations of PPI infla-
tion in the benchmark case are larger than that in the case where all goods are
tradables.

Regarding the benchmark case, we can explain the result of changes in the
productivity shifter of nontradables in country H in the same manner as we can
explain changes in the productivity shifter of tradables in country H. However,
the coefficient of the productivity shifter of nontradables in the NKRD Eq.(16) is
larger than the coeflicient of the productivity shifter of tradables. Thus, the CPI
disparity increases and the volatility of other macroeconomic variables is higher
following changes in the productivity of nontradables than following changes in
that of tradables (30th panel in Figure 2 and 7th, 9th, 11th, 13th, 15th and 17th
rows in Table 2). As mentioned, an increase in the CPI disparity is consistent
with Lipinska’s (2008) finding that nontradables’ productivity shocks lead to
a stronger real exchange rate depreciation. In the case where all goods are
tradables, any macroeconomic variables do not fluctuate when the productivity
shifter of nontradables in country H changes because only tradables exist.

Now, we consider the innovation in union-wide government expenditure.
Both IRFs and macroeconomic volatilities are the same in both cases because
the union-wide government expenditure does not affect the relative block of the
model. To secure funds for government expenditure, the nominal interest rate
decreases and there is pressure for the welfare-relevant output gap to increase

23Both the union-wide inflation rate and the union-wide welfare-relevant output gap deviate
slightly from their steady state, because of Eq.(21). See footnote 17 for a quantitative measure.
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(27th panel in Figures 1 and 2). As implied in Eq.(13), however, a decrease
in the lagged nominal interest rate decreases the union-wide welfare-relevant
output gap. Thus, the union-wide welfare-relevant output gap is stabilized,
although it increases at first (3rd panel in Figures 1 and 2).2* The union-wide
inflation rate is stabilized despite an increase in the union-wide welfare-relevant
output gap, because an increase in government expenditure decreases the PPI
inflation rate through Eq.(21) (7th panel in Figures 1 and 2). Note that because
of Eq.(21), inflation—output gap tradeoffs are no longer dissolved completely,
even though the optimality condition in Eq.(22) is applied when union-wide
government expenditure increases. Along with the union-wide welfare-relevant
output gap, the welfare-relevant output gap in each country is stabilized (11th
and 15th panels in Figures 1 and 2). Furthermore, the PPI inflation rate in
countries H and F is stabilized (19th and 23rd panels in Figures 1 and 2).
Note that Ferrero[16] shows that the nominal interest rate increases to a unit
innovation in union-wide government expenditure because the tax rate increases
simultaneously to secure funds to finance government expenditure, whereas the
tax rate is constant over time in our setting.

When relative government expenditure changes, the welfare-relevant output
gap disparity between countries and the welfare-relevant output gap and infla-
tion rate cannot be stabilized at the country level in both cases (12th, 16th,
20th and 24th panels in Figures 1 and 2).

Benigno|[5], who assumes all goods are tradable, implies that monetary policy
alone can simultaneously stabilize both the output gap and the inflation rate in
each country even though asymmetric shocks hit the economy. In our model,
when asymmetric shocks hit the economy, the PPI inflation rate and welfare-
relevant output gap in each country are no longer stabilized regardless of the
share of tradables 7. This fact stems from the distorted steady state, which
is assumed by both us and Ferrero[16]. In addition, the volatilities of the PPI
inflation rate in response to each shock in the benchmark case are larger than
those in the case where all goods are tradables, except for the volatility of the
PPI inflation rate to the union-wide government expenditure shock (11th and
13th rows in Tables 1 and 2). This fact reflects that nontradables amplifies the
effects of asymmetric shocks.

4.2.3 Optimal Monetary Policy and Fiscal Policy Mix

Figures 3 and 4 depict the IRFs under the optimal monetary policy and fiscal
policy mix with commitment in the cases where all goods are tradables and the
benchmark, respectively.?’ To eliminate the effects of changes in the produc-
tivity shifter of tradables in country H, the fiscal authorities in both countries

24 As mentioned in Section 2.3, all interest-bearing assets held by households are in the form
of government bonds. Lowering the interest rate in the previous period reduces the nominal
payoff of the bond portfolio purchased by households. Because of the budget constraint, this
reduces output via a reduction in consumption.

25Given the benchmark parameterization, five eigenvalues are larger than 1 for the five
forward-looking variables under the optimal monetary and fiscal policy regime. Thus, the
Blanchard—Kahn conditions are met.
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increase government bonds in both cases (33rd and 37th panels in Figures 3
and 4). An increase in government bonds during the previous period increases
the nominal payoff of the bond portfolio purchased by households. Thus, con-
sumption in both countries increases. Because an increase in government bonds
in country H is higher than that in country F', an increase in consumption is
higher than that in country F. This eliminates the pressure to decrease the
welfare-relevant output gap in country H and eliminates the pressure to in-
crease the welfare-relevant output gap in country F'. Thus, the welfare-relevant
output gap in both countries is stabilized. Under the optimal monetary policy
and fiscal policy mix, the volatility of the welfare-relevant output gap in both
countries dramatically decreases compared with the volatility under monetary
policy alone in both cases (7th to 10th rows in Tables 1 and 2). Because the
welfare-relevant output gap is well stabilized, the PPI inflation rate in each
country is also well stabilized in both cases (17th and 21st panels in Figures
3 and 4). The volatility of the PPI inflation rate in both countries decreases
dramatically compared with the volatility under monetary policy alone in both
cases (cells in the 11th to 14th rows and 3rd column in Tables 1 and 2). In the
case where all goods are tradables, CPI disparity does not fluctuate because all
goods are tradables, which means that PPP applies (29th panel in Figure 3 and
the cell at the 16th row and 3rd column in Table 1). In the benchmark case,
because the PPI inflation rate in country H increases only in the first period,
the CPI disparity decreases (29th panel in Figure 4). However, the volatility
of the CPI disparity decreases dramatically compared with the volatility under
monetary policy alone (cells in the 15th and 16th rows and 3rd column in Table
2).

Now, we consider changes in the productivity shifter of nontradables. Here
the macroeconomic variables do not fluctuate in response to changes in the
productivity of nontradables in the case where all goods are tradables. Thus,
we focus only on macroeconomic volatility and fluctuations in the benchmark
case. An increase in the quantity of government bonds in the previous period
drastically stabilizes the welfare-relevant output gap (10th and 14th panels in
Figure 4). Because of this, the PPI inflation also stabilizes (18th and 22nd panels
in Figure 4). The volatility of the PPI inflation rate and the welfare-relevant
output gap is less than that under optimal monetary policy alone (cells in the
7th to 14th rows and 4th column in Table 2). As shown in Eq.(17), the CPI
disparity decreases (30th panel in Figure 4). The CPI disaprity is dramatically
stabilized compared with that under the optimal monetary policy alone (cells
in the 15th and 16th rows and 4th column in Table 2).

Next, we consider changes in union-wide government expenditure. Apart
from government bonds, the mechanism of the macroeconomic variables’ be-
havior is similar to that under optimal monetary policy alone in both cases.
Although both fiscal authorities affiliate with the central bank, the IRFs and
the macroeconomic volatilities behave the same as those under optimal mone-
tary policy alone regarding the welfare-relevant output gap, the PPI inflation
rate and the CPI disparity (3rd, 7th, 11th, 15th, 19th and 23rd panels in Figures
3 and 4 and cells in the 3rd to 16th rows and 5th column in Tables 1 and 2)
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in each case. This implies that there is no notable role for fiscal policy, which
could replace monetary policy to stabilize the economy. When a union-wide
shock, such as union-wide government expenditure, hits the economy, however,
the central bank and the fiscal authorities cooperate against a union-wide shock.
This result is the same as the one derived by Ferrero[16].

When the relative government expenditure shifter shocks the economy, the
fiscal authority in country H decreases the quantity of government bonds while
the fiscal authority in country F' increases the quantity of government bonds
in both cases (36th and 40th panels in Figures 3 and 4). As Eq.(14) implies,
an increase in relative government expenditure increases the welfare-relevant
output gap disparity. However, a decrease in the quantity of government bonds
relative to the previous period decreases the current welfare-relevant output
gap disparity. This eliminates the pressure to increase the PPI inflation rate in
country H and to decrease it in country F. Thus, the PPI inflation rates in
both countries are stabilized immediately in both cases (20th and 24th panels in
Figures 3 and 4). The volatility of the PPI inflation rate is dramatically reduced
in both cases (cells in the 11th to 14th rows and 6th column in Tables 1 and 2).

The role of the fiscal authorities is larger than that of the central bank in
stabilizing both inflation and the welfare-relevant output gap in both cases.
This fact strongly supports the implication derived by Ferrero[16], who insists
on the importance of optimal monetary and fiscal policy in a currency union.
In addition, we insist that the role of optimal fiscal policy as a stabilization tool
when there are nontradables is more important than that when there are only
tradables, which has already been mentioned above. The volatility of the PPI
inflation rate decreases from 0.0121 to 1.4184e-005 in country H and 2.2170e-
006 in country F', and from 0.0408 to 3.6616e-004 in the benchmark case, by
adding optimal fiscal policy for changes in the productivity of nontradables and
in the changes in the relative government expenditures (cells in the 11th to 14th
rows and 4th and 6th columns in Table 2). In contrast, the volatility of the
PPI inflation rate is unchanged at zero and falls from 0.0301 to 3.6616e-004
in the case where all goods are tradables, for changes in the productivity of
nontradables and in changes in relative government expenditure, respectively
(cells in the 11th to 14th rows and 4th and 6th columns in Table 1). Clearly,
the degree of improvement in the volatility in the benchmark case is larger than
that in the case where all goods are tradables. A more formal discussion of this
from the viewpoint of welfare appears in Section 4.3.

Behind the stabilization of the volatility of the PPI inflation rate in the
benchmark case for changes in productivity, there is stabilization in the CPI
disparity. By comparing the 29th and 30th panels in Figure 2 with those in
Figure 4, we confirm that the CPI disparity is stabilized. In fact, the volatility
of the CPI disparity for changes in the productivity in the benchmark case under
the optimal monetary and fiscal policy are smaller than that under the optimal
monetary policy alone and are close to zero, which is the volatility for optimal
monetary policy alone in the case where all goods are tradables (cells in the
15th and 16th rows and 3rd and 4th columns in Tables 1 and 2). Optimal fiscal
policy stabilizes the PPI inflation rate by stabilizing the CPI disparity: namely,
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minimizing the consumption disparity between the two countries.

Finally, we point out that the volatility of the nominal interest rate decreases
under the optimal monetary policy and fiscal policy. Furthermore, this tendency
does not depend on the share of tradables (17th and 18th rows in Tables 1 and
2).

The results of this sensitivity analysis prove the policy implications that are
mentioned by McKinnon[24]. Cooperative fiscal authorities have a certain role
in stabilizing both the welfare-relevant output gap and inflation simultaneously
when nontradables exist.

4.3 'Welfare Analysis

In this section, we analyze the social welfare associated with both regimes,
focusing on the share of nontradables. This paper finds that the role of optimal
fiscal policy under the assumption that there are nontradables is more important
than the one under the assumption that all goods are tradable. To clarify the
role of optimal fiscal policy, we compare our result to that of Ferrero[16], who
finds that such a policy is essential for the minimization of social losses when
all goods are tradable.

Now, we define the welfare criteria. Setting § — 1 on Eq.(19), the expected
welfare losses of any policy can be written in terms of the variances of inflation
and the welfare-relevant output gap as follows:

LY = ﬁvavr (mpy) + ﬁVar (7pe) + ﬂvar (Ge) + ﬂvalr 95,
4 4 ' 4 4
with £ being the welfare loss under the setting § — 1.

Figure 5 depicts social losses associated with the two regimes analyzed in the
previous section: optimal monetary policy alone and optimal monetary policy
and fiscal policy. As noted above, both regimes are fully committed. Under op-
timal monetary policy alone, when the share of nontradables increases, welfare
losses increase. However, optimal monetary and fiscal policy bring about ap-
proximately zero welfare losses, independent of the share of nontradables.?® The
necessity of optimal fiscal policy is clear from this analysis. Note that optimal
monetary policy alone cannot result in a zero welfare loss when all goods are
tradable, while the welfare losses are minimized among the losses brought about
by the optimal monetary policy alone. As Benigno[5] mentions, when all goods
are tradable, optimal monetary policy alone can eliminate the inflation—output
tradeoffs approximately and simultaneously.?” However, Ferrero[16] insists that
fiscal policy is needed, even though all goods are tradable. This discrepancy
stems from the assumption of the steady-state behavior of the fiscal authority.
Using DSGE analysis, Benigno|[5] assumes a zero steady-state value of govern-
ment expenditure and the quantity of bonds. As in our setting, Ferrero[16] does

26Because of Eq.(21), zero welfare losses definitely cannot be obtained although optimal
fiscal policy is conducted.
27In addition, it is attained when price stickiness is the same in both countries.
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not assume a zero steady-state value of government expenditure and bonds.
Government expenditure and bonds have nonzero values in the steady state.
This results in additional elasticities, the steady-state share of government ex-
penditure with respect to output, and the steady-state share of government
bonds with respect to output, og and o, respectively. These elasticities change
the format of the demand block of the economy, which inhibits perfect risk shar-
ing. Thus, the study of Ferrero[16] corresponds with our study in the case where
all goods are tradable.

Our results insist that the existence of nontradables creates acute losses
in the Euro economy, not only because of the assumption of a steady state,
but also because of the real exchange rate anomaly. In our benchmark setting
where v = 0.5, the welfare loss—the percentage deviation of utility from its
steady state, brought about by optimal monetary policy alone—is 0.26%, while
it is 0.13% when all goods are tradable, v = 1. As noted above, approximately
50.3% of goods are nontradable; thus, the role of optimal fiscal policy is greater
than that suggested by Ferrero[16].

5 Implementing a Cooperative Solution by Self-
oriented Fiscal Authorities

Some studies, such as Benigno[4], Obstfeld and Rogoff[27] and Benigno and
Benigno[7], show that self-oriented monetary authorities can replicate the coop-
erative outcome in a decentralized framework so that there is no need for inter-
national monetary policy cooperation. Following their context, we investigate
whether it is possible that fiscal policies set in a noncooperative environment
can implement the optimal cooperative solution in this section.

While the central bank commits to minimizing the union-wide social loss £V
subject to the structural model, we assume that each fiscal authority commits
to minimizing its respective losses as follows:

o0 oo
,CNCEE()ZétLivC : ENC*EEOZ(StLiVC*’
t=0 t=0

subject to the structural model with:

A, A, . VN T, VA
pyo=tem g e A i Begre )

=9 TP T Y TPt o Ut

2

where LYC denotes the social loss assigned to the fiscal authority in country H
under the self-oriented setting.?®
Next, we calculate the union-wide social loss under the cooperative setting
L% and the union-wide social loss brought about by self-oriented fiscal author-
ities in both countries LNV = £ [LNC 4+ LNC*]. For simplicity without loss of
28Following Beetsma and Jensen[3], we split the per period union-wide social loss function
Eq.(20) as follows: LYV = 1 (Ly +L}) with Ly = 42 + 292 and L} = 4= (x3,)" +
Ay (~x)2
()"
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generality, we assume pr = py = pg = 0 and each shock has constant variance.
After tedious calculations, we have the following;:

EW — ﬁNC’W

- 19 5(11 ) Aygs% A1~ @1)2} {11+ 9)Q)” 42 [var (€11,)

+var (Epe)] + [5(1+ )Qs)° (1 = 7)” [var (Enre) + var (€4) ]
+ (ro6S)” [var (€a,0) + var (€5,)]

where ¥; < 1 denotes one of the solutions to the characteristic equation of
Eq.(21) and its counterpart in country F' and g denotes a complicated coef-
ficient. This implies that a self-oriented fiscal authority can achieve the coop-
erative allocation in the Nash equilibrium without imposing a complicated loss
function on fiscal authorities. That is to say, there are no gains from fiscal policy
cooperation to maximize social welfare. Interestingly, LV = LNW is applied
independent of the share of tradables. Our policy implication is applicable to
both the cases where there either are nontradables or not. Thus, our policy im-
plication is different from the result of not only Beetsma and Jensen|[3] who show
the necessity of fiscal policy cooperation in a currency union where all goods are
tradable, but also by McKinnon[24] who insists on the necessity of moving fiscal
policy control from the national government to the central government in a cur-
rency union with nontradables. Furthermore, our policy implication differs from
Liu and Pappa|23], whose model is a flexible exchange rate two-country model
with nontradables, and who highlight the importance of policy cooperation.
Benigno and Benigno[6][7] and Liu and Pappa[23] show the importance of
policy cooperation by comparing the cooperative setting with the self-oriented
setting, although they do not assume a currency union. Under special cases,
however, Benigno and Benigno[6][7] and Liu and Pappa[23] imply that there
is no or only a quantitatively small role for policy cooperation. Benigno and
Benigno[6][7] show that when the inverse of relative risk aversion times the
elasticity of substitution between domestic and foreign tradables is unity, the
allocation brought about by self-oriented policy makers corresponds to the co-
operative allocation. Under such a case, each policy authority can control their
own output gap and inflation independently of the TOT. Liu and Pappa[23],
whose model implies that the inverse of relative risk aversion, the elasticity of
substitution between domestic tradables and foreign tradables and the elastic-
ity of substitution between tradables and nontradables, are unity, show that
the gains from policy cooperation are quantitatively small when two countries
have symmetric trading structures, which implies that the ratio of tradables to
the sum of tradables and nontradables are equal in the two countries. In such
a case, the TOT externality disappears, because output gap and inflation are
independent of the TOT, as mentioned by Benigno and Benigno[6][7]. Once the
symmetric trade structure is applied in Liu and Pappa[23], their parameteri-
zation is consistent with Benigno and Benigno|6][7]’s special case and Liu and
Pappa[23] show that there are small gains from policy cooperation in such a
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situation.

Our model implies that the inverse of relative risk aversion and the elasticity
of substitution between domestic tradables and foreign tradables are unity, as
in Liu and Pappa[23]. Furthermore, the share of tradables v is equal in the two
countries and the elasticity of substitution between tradables and nontradables
7 is assumed to be unity after Section 4. The assumption of n = 1 is also consis-
tent with Liu and Pappa[23]’s setting. Thus, our settings correspond to Liu and
Pappa[23]’s special case in which the gains from policy cooperation are quan-
titatively small. Although we should consider that Liu and Pappa[23] do not
assume a currency union, our policy implication is not necessarily inconsistent
with theirs.

It is important and interesting to compare our results with the policy impli-
cation derived by Beetsma and Jensen[3], who develop a two-country currency
union model without nontradables, implying that fiscal policy cooperation is im-
portant. While the difference in the policy implication between us and Benigno
and Benigno|[6][7] and Liu and Pappa[23] depends on parameter values, the dif-
ference in the policy implication between us and Beetsma and Jensen[3] does
not depend on parameter values. In fact, although Beetsma and Jensen[3] as-
sume an Armington form of the consumption index, which consists of tradables
produced in two countries, as do we, they do not assume a logarithmic utility
function of consumption as in Eq.(1).2° Beetsma and Jensen[3]’s parameteri-
zation is not consistent with Benigno and Benigno[6][7]’s special case in which
the allocation brought about by self-oriented policy makers corresponds to the
cooperative allocation. However, it cannot be said that the reason we have
a different policy implication on fiscal policy cooperation results from our pa-
rameterization assumptions. Beetsma and Jensen[3] assume a household utility
function in which government expenditure appears and fiscal authorities man-
age government expenditure, although we do not assume such a utility function,
as shown in Eq.(1), and we assume that fiscal authorities manage government
debt. By second-order approximating such a utility function including gov-
ernment expenditure, the cross-term of the logarithmic TOT and the relative
government expenditure gap, which gives additional welfare benefits from the
TOT externality, appears in their union-wide loss function. They set the relative
risk aversion larger than unity in their benchmark case, which is not consistent
with us. However, the coefficient of that cross-term does not depend on rela-
tive risk aversion and does not disappear if relative risk aversion becomes unity,
which corresponds to our parameterization. This implies that whether the TOT
externality appears or not depends on the stabilization tools used by the fiscal
authorities because adopting the utility function including government expen-
diture makes it possible to solve an optimization problem for fiscal authorities
that control government expenditure. They assume that the fiscal authorities’
loss functions in a noncooperative setting are domestically oriented and do not
include such a cross-term. In our setting, the union-wide loss function is sim-

290ur consumption index is given by Eq.(2). If there are only tradables, however, Eq.(2)
1

1 1
reduces to a consumption index of tradables: namely, C; = 2C7 tCﬁ . 1s applied.
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ply the weighted sum of each country’s loss function, as shown in Egs.(20) and
(26) and there is no TOT externality. In Beetsma and Jensen[3]’s setting, how-
ever, the union-wide-level loss function is not simply the sum of each country’s
loss function, and there is a TOT externality, which gives each fiscal authority
opportunity to change the TOT through government expenditure to enhance
each country’s social welfare. Clearly, policy cooperation is important in their
setting.

As mentioned, the difference between the policy implication of Beetsma and
Jensen[3] and ours does not depend on parameter values. That difference de-
pends on the stabilization tools used by the fiscal authorities. Although further
detailed discussion is needed, the difference in stabilization tools may affect the
necessity or importance of policy cooperation. Inferring from a comparison be-
tween the results of Beetsma and Jensen[3] and us, managing government debt
as a stabilization tool may be less costly than managing government expen-
diture, because managing government debt does not need policy cooperation
which involves nonnegligible costs.3°

6 Conclusion

We discussed optimal monetary and fiscal policy in a currency union. Our most
important and interesting finding is that self-oriented fiscal policy can replicate
the allocation brought about by a cooperative setting and there are no gains from
fiscal policy cooperation, either when there are nontradables or when there are
not. This policy implication contrasts with Beetsma and Jensen[3], who show
the importance of policy cooperation. Taking into account the costs of policy
cooperation, our main finding implies that cooperation on fiscal policy in the
Euro zone may be futile, because there are no gains from policy cooperation.
Our results imply that recent pressure for more fiscal policy cooperation in
Europe is not necessarily beneficial.

Comparing our main finding with Beetsma and Jensen[3)’s finding, there is
a possibility that the necessity or importance of policy cooperation depends on
the choice of stabilization tools. The necessity or importance of cooperation has
been discussed in preceding papers, focusing on the parameter values that re-
sults in a TOT externality. Beetsma and Jensen[3] assume that fiscal authorities
manage government debt and they show the necessity of fiscal policy coopera-
tion. As mentioned, the difference in the policy implication between this paper
and Beetsma and Jensen[3] does not depend on parameter values, but rather
depends on the stabilization tools used. Further discussion on the choice of
stabilization tools to avoid welfare losses associated with policy cooperation is
an important objective for future research.

30T here are costs to forcing players to comply with the cooperation framework and to share
their understanding of the game, according to Kawai[20].
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A Details on Derivation of the Model
A.1 Households

Preferences of the representative household in countries H and F' are given by:

> 1
u = EOZ(V (lnCt—mNt1+so>’

t=0
= 1

U = Eg» ¢ (1 o*—r(N;)H*”), (A1)
t=0

where C} denotes consumption in country F', Ny = Np: + N§; , denotes hours

of work in country F', Np; = f12 Nrpi (f)df and N, = f12 N3 (f) df denote
hours of work to produce tradables produced in country F' and nontradables
produced in country F, respectively. The first equality in Eq.(A.1) is Eq.(1) in
the text.

More precisely, private consumption is a composite index defined by:

c, = [wcgﬂl_ . CNJ ,

n—1

;= { (O T (=) (Cly) T } (A.2)

0
01 =T
with Cave = [Jy Onv ()T dh] 7, ey = [JE Clre (DT dh] Che =

1 -1 % 2 o1 % :
[fo Cry(h)? dh] and Cr; = [fl Cre(f) df} , where the index
{h, f} denotes a variable that is specific to agents h and f, C7, denotes the
consumption index for tradables in country F', and C},, denotes an index of
consumption across the nontradable goods produced in country F. The first
equality in Eq.(A.2) is Eq.(2) in the text.

A sequence of budget constraints is given by:

Dy} +WyN, — S, > /01 Py (h)Cryt (h)dh + /12 Py (f)Cry (f) df
+ /01 Ppri (h) Cary () dh + EtQt,tHDfﬂ,
Dy + WiN; =S > / P () Ciry () df + / Pe (1) iy () df
/ P (f) O (f) df + EQr i1 DYy, (AL3)

with Py, = [ o Py (W) adh] , Ppy = [ [ Pey () df}m and Py, =

1 1
{fol Py ()0 dh} " where Py, = [ff P, (N df] denotes the price
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index of nontradables produced in country F and S; denotes the lump sum
taxes in country F'.

The optimal allocation of any given expenditure within each category of
goods yields the following demand functions:

Cui(h) = <M> - Cui, 5 Cre(f)= (M> - Cry,

P4 Pr,
. Pus (W) .. Pry ()N
CH,t (h) = ( P}Ig;(t )> CH,ta 5 CFt(f) ( I;;(t >> CF,ta

W —0
Cncr (h) = (Pf“—“‘)) Oxnar 0 Clra(f) = (PN—(f)> i (A)

Pyt Pt

These equalities imply that [, Pe; (k) Cr s (h) dh = P Criy, [; Pry (f) Cry (f) df =
PriCry, [y Pt (h) Cae (h) dh = PayCo g and [ P, (f) Oy (F) df = Py Cirs.
Total consumption expenditures by households in countries H and F' are
given by:
Py Cry+ PpiCry + Py Cny = PGy,
PpChy+ PuiChy + Py Chry = P/CYL

Combining Eq.(A.3) and these equalities, we obtain:

DY + WiNy+S; > PGy +EiQe4+1D7 4,
DY + W{N; +S8; > P;/C{+EQi 11D, (A.5)

where the first equality in Eq.(A.5) is Eq.(3) in the text.
Combining Eq.(A.4) and aggregators, we have:

cur=b(5) e+ =} (B2) en
i) i) e

Cri=v <%>_ Ci, 5 Cnp=(1- < > Cy,
C?,Fv(i?)ncf, D Ok =(1— ( ) Cr. (A6)

The first, second, fifth and sixth equalities in Eq.(A.6) are Eq.(5) in the text.
CPIs are given by:

1

P = [Pl (1 )Pj{t’?} o

1
1—n

Py o= [P+ (=) (Pe) T T (A7)
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where P} denotes the CPI in country F. The first equality in Eq.(A.7) is Eq.(4)
in the text.

The representative household maximizes Eq.(A.1) subject to Eq.(A.5). Op-
timality conditions are given by:

—1 * -1 *
og, [ CmP \ L g () REL 1 (A.8)
Cy ' P Ry (€)' Pra] B
W, Wk
Nf=—, *(N)? = =L, A.
Ct t Pt 9 ’ Ct ( t ) Pt* ( 9)

The RHS of Eq.(A.8) is an intertemporal optimality condition in country F,
whereas the RHS of Eq.(A.9) is an intratemporal optimality condition in country
F. The LHS of both Egs.(A.8) and (A.9) are Eq.(6) in the text.

Combining and iterating Eq.(A.8) with an initial condition, we have the
following optimal risk-sharing condition:

Cy = 9C; Qe (A.10)
which is Eq.(7) in the text. When C_; = C*; = P_; = P*; = 1, we have
¥ =1.

A.2 Firms

Each producer can use a linear technology to produce a differentiated good as
follows:

Yui(h) = ANt (h), 5 Yyi(h)=An Ny (h),
Yri (f) = AreNrd (), 5 Y. (f) = ANy (F), (A.11)
6—1 % 6—1 %1
with Yy, = ( I Y (h)Tdh)e , Y = ( [ (f) df)e , Yys =

1 -1 % 2 o1 %
(Jo Yae )T dn) ™7 and Yy, = ([7V3e0 (DT )7, where Ap, and
Aj\f,t denote stochastic productivity shifters associated with tradables and non-
tradables produced in country F', respectively. The first equalities in Eq.(A.11)
are Eq.(8) in the text.

Using Dixit—Stiglitz aggregators, Eq.(A.11) can be rewritten as:

Vi, = AH,tNH,t . Vi = AN,tNN,t
AT T T Y () g T T V(W) g
Jo =¥~ dh Jo =i dh
Ap+Npy AN i NR
Vi = bt By INATNE (A.12)
’ £ (f) ’ ) 2 Y% (f)
Ly 2 ey

Under Calvo—Yun-style price-setting behavior, the pricing rules are given by:

Pus = [aPily+(-a) PR,
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Pyy = [aPy +(1-a) P77,
1
Ppy = P;‘t 1+(1_O‘)P1}“,;9}197
* [ * 1-0 % 1-0 ﬁ
P = Jamro) T ra-a ()] e

where I:’F7t and Pj{/’t are the prices chosen by firms when they obtain the chance
to change prices associated with tradables and nontradables produced in country
F'| respectively.

The maximization problems faced by firms are as follows:

max B [ (a0)" (PryrCopr) ™ Vet (pH,t - MC?I,HJC)} ;
H,t L k=0
[ oo
k 19 5 n
max D (@8) (PiykCirr) ™ Yivean (PN,t - MCN,t+k>‘| ;
Nt k=0
- * * -1 D
max E; Z (a)* (PruCiin) Yruqn (PF,t - MC’?,H;C)] .
F,t | k=0
- k * * =1 s D
maxE; | Y (a6)" (PfCri) ™ Yirern ( N — MO t+k) ;
Py k=0
-0 \/ 13./\/’ t -0 Y
Virirr = (pH Hk) Yo i1k and Yy pyp = (PN,{H> Y t+k, where Yy =
_ —0
t P* t *
(PI;P;M) Yr 4k and YN ke = <ﬁ> Y7 111, denote the total demands
when the prices change, and MCF%, = % and MCJ7, = % de-

note the marginal costs associated with tradables and nontradables produced
in country F', respectively.
The FONCs are as follows:

B | (a0) (PranCopn) ™ Yirern (PHt —(MCy t+k) =0
k=0
E, lz (a5)k (PosiCrir) " Y etk (PNt — MOy, t+k> = 0
k=0
lz tﬁr;cct*%) Yk (PFt - CMCFt-i-k) = 0,
k=0
> * —1 s %
E; lz (ad)* (PraClk)  Yrin (PN,t Nt+k) = 0
k=0
(A.14)
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The first and the second equalities in Eq.(A.14) are Eq.(9) in the text.
We define the real marginal costs as:

MC% MC?Y
MCyy = 2 Lt i MCyyp = 2 Nt
Pt Pt
MC% MC*}
MCr; = *F7t ;o MOy, = (7*)N’t7 (A.15)
Pp, Pp,

. PFtYFtJFPN Y
* t Nt
with P = “Hprt g

Combining the first equalities of Egs.(A.14) and (A.15) yields:

oo
(-1 1 o— _ _
E, {Z (0‘5) [ H t+k)XT(t7ZH<: ) CXH‘?t-i—kXH t+kXT t+kXP7t+kMCH,t+k} } =0,

k=0
(A.16)
with )—((H,t-i-k: = %’ XH Atk = ]PDi,:ik XT ke = PT t+k and XPt+k = P;jj;k .
Combining the definition of the marginal cost and Eq (A.9), we have:
CyN{ P, C,N} P,
MCy,=——"t""  + MCyx,= t ’
o (1—7)PptAns S ) PpAn
* N* @P* % N* LPP*
MCr; = G N By ; MCr, = G (N By (A.17)

(1=7)Pp,Ap,” (1=7)Pp A,
We define the country-wide real marginal cost as:

MCuYui +MCyn YN

MC, =
’ Yui+Yn, ’
MOF = MCF,tYFyt + MCX/¢YX/¢
b Yu:+Yn: ’

A.3 Local Government

The government expenditure index is given by:

GH,tE( / GH,t<h>Tdh> , GN,tE< / GN,t(thf) 7
0 0
2 o1 \TT 2 N
Gro=([Grey™an) i ae=([ G Ta)
1 1

where Gp; and Gj‘\/,t denote government expenditure on tradables and non-
tradables produced in country F', respectively. For simplicity, we assume that
government purchases are fully allocated to a domestically produced good. For
any given level of public consumption, the government allocates expenditures
across goods in order to minimize total cost. This yields the following set of
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government demand schedules, analogous to those associated with private con-
sumption.

Py, (h)\~° Py (h)\~?
Guz(h) = ( I;)’;(t )> Gui ; Gy (h) = (%(t)) Gn s
-0
P, -0 Py (f
Gre(f) = <§fT(f)> Gre ij,t—< 9%( )> Gy (A18)
, b

The flow government budget constraints are given by:
1
Bgl = Rt—lB?_l - {/ PH,t (h) [TYH,t (h) - GH,t (h)] dh
0

1
+/0 Pr it (h) [TYnr i (h) — Gare (R)] dh}

2
B Rt_lgpfl—{ / Prey (h) (Y (f) — Gy (b)) db

2
[ PR ) [ ) - G (1)) (A19
1

where B{"* = P/ B} denote the nominal risk-free bonds issued by local gov-
ernment in country F' and B denote the real risk-free bonds issued by local
government in country F', respectively.

Combining the definition of prices and output, we have:

Py (h)\ ° Pyi(h)\7?
Y (h) = (L()> Yue, 3 Yape(h) = (L()> Yt
PH,t PN,t
-0 —0
P, P h
Voo ) = (Z) Ty s v = (2) v a0
Pr, Pr 4
Substituting Eqgs.(A.18) and (A.20) into Eq.(A.19), we have:
B = Ri1Bl | —[1(PuYus+ PyviYnt) — (PaiGrs + PyviGat)l s
B = R1B" — [T (PF,tYFyt + PX/,tYX/,t) - (PF,tGF,t + PX/,tG}k\/,t)] :

These equalities can be rewritten as:

B = Ry Bl —[TPpi(Yua:+Yni) — Pot (Gui+Gut)l,

B = RiaBy — [TP;;,t (YF,t + inkf,t) - Pg},t (GF,t + Gj\f,t)] ’
(A.21)
with Pg, = PF’th;iig%thv“. The first equality in Eq.(A.21) is Eq.(10) in the

text.
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Eq.(A.21) yields the consolidated government budget constraint which is
given by:

3 (B + B™) = Ri-13 (B, + By — 5 {[tPpt (Yee +Yne) — Pot (G + Gae)]

+[tPp, (Yre +Y3r4) — Poy (Gre + Giry)] } - (A.22)

The appropriate transversality conditions for government assets are given
by:

1
hm EtQt,k_ (B;: + BZ”) = 0,
k— o0 2
which appears in footnote 9 in the text.

Starting from Eq.(A.22) with the appropriate transversality condition, the
resulting consolidated intertemporal budget constraint can be written as:

1 ot
LA [H%BH
cH™t ., o | PritkT Y vk + Y 4k) — Potk (GH sk + Ga it k)
By, Z )
I1; CirrPitr
Pp ik Yrprk + Yautn) = Pl (GF,t+k + Gj\/,t-i—k)
+ )
(CHIN
with I} = 5+ can be
rewritten as:
lR C ! (C*) B Pyt (Ya:+Ynye) — Poi (Gayg + Gart)
g -t my P,C,
PPtT (YFt + YN t) - Pét (GF,t + G}K\/"t)
POy
-1
ct
+0ER; | =2 B, + ( “;1) By | .(A.23)
IPNS) Iy,
A.4 Market Clearing
Market clearing conditions for tradables are given by:
YHﬂg (h) - OHJ (h) + C}k{,t (h) + GHJ (h) B
Yre(f) = Cre(f)+Cri(f) +Gre(f)- (A.24)

The first equality in Eq.(A.24) is the LHS of Eq.(11) in the text.
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As for nontradables, equilibrium requires that:

Yavie(h) = Cnu(h)+Guy(h),
Yiu(f) = Cxa(f) + G (). (A.25)

The first equality in Eq.(A.25) is the RHS of Eq.(11) in the text.
The market in country H for tradables clears when domestic demand is given
by Eq.(A.24). As for nontradables, equilibrium requires Eq.(A.25).
Using Eqgs.(A.4), (A.10) and (A.18), Eq.(A.24) can be rewritten as:
+ GH,t} )
+ GF,t} )

([ Puy(h) P PT e\ Pre\ " 4
Yire () = ( P Pr, - Py N

([ Pr:(f)\ Pry PTt - Pre\" 4
Veelh) = (2 e () o
where we use the fact that C} = %’ which is derived from Eq.(A.10). Com-
bining these equalities and Egs.(A.4), (A.10) and (A.18), Eq.(A.24) can be

rewritten as:

v ( Pu K Pro\"" 4
Y, - ) )
e 2 (PT,t> < ) < Pt* > Qt +GH7t’
v ( Pry Pri\"" .1
Y; = - == . (A2
e 2 (PT,t) ( ) ( Py ) Qt +GF¢ ( 6>

Using Egs.(A.4), (A.10) and (A.18), Eq.(A.25) can be rewritten as:

_9 —n
Yyi(h) = (PN#(:L)) l(l_’Y) (P%tt) Ce +Gprpl s
P . h —0 P . -n B i}
Ve = (Fp) l(l—v)< ) ctQtuaN,t].

Combining these equalities and Eqs.(A.4), (A.10) and (A.18), Eq.(A.25) can be
rewritten as:

P -n
Yv:e = (1—’7)( gt> Ci + Gn
t
Pe\ "
Y. = (1 —7)( P,.:t) CiQ; ' + Gy (A.27)
t
(A.26) implies that
Yui— G
) _ T ,
Yri—Gry ‘



where T; = P— denotes the terms of trade (TOT).
Eq.(A.27) 1mphes that:

YN,t - GN,t —(n—-1
Y — G = N?Qt (77 )?
Nt Nt

P.N’t

where N; = denotes the nontradables price difference between countries H
and F (NPD)

Finally, we define country-wide output and government expenditure as:

Pyt PNt Pry Py

Y, = Y; Y, Y= —Yp; + ==Y A.28
! Pp; Hi Pp, AEs T Pp, " PJ*Dt A ( )
Py, Ppry Pr,
= 5 . * = 2 A2
Gt PG,t GH,t + PG GN t 5 Gt PG7tG + Pé . G_/\ft ( 9)

The LHS equalities in Eqgs.(A.28) and (A.29) are Eq.(12) in the text.

A.5 Net Exports

Following Gali and Monacelli[18], we define net exports in country H as follows:

P,
NX, =Y, - 2o, - Ko

Gy, A.30
Pp; Pp; ! ( )

where N X, denotes net exports in country H.

B Nonstochastic Steady State

We focus on equilibria where the state variables follow paths that are close to
a deterministic stationary equilibrium, in which g, =y =Ilp; =15, =1

. _ P _ P _ P P
with g, = PHHtl My = PN":‘I, g, = PFF"I and I}, , = P*N"l where
variables without the subscript indicating the period denote their nonstochastic
steady state value. These imply that the PPI inflation rate is zero in this steady

state. Note that Xy = X = Xp = X\ = 1 is applied in this steady state with

Xps = }IZZ'Z Xyt = }IZJ\N[: Xpi = % and XNt = }Izﬁf't. Because this steady
state is nonstochastic, all productivities are unit values ie, Ag = Ay = Ap =
A, = 1. In addition, we assume that Gy = G, Gy = G/\/ and B = B* i
this steady state.

In this steady state, the gross nominal interest rate is equal to the inverse

of the subjective discount factor, as follows:

R=6§"1
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Eq.(A.14) can be rewritten as:

with:

Kpy = CZ (PesrCran) " Ve k MCFy oy
k=0

o0
Ky = CZ (Pt+kct+k)_1 YN,t+kMC/7\L/,t+k
k=0

Kpi=¢ Z WCir) YF,t+kMC?“,*t+k

1 ~
KNt = Cz t*+k t+k) Y/T/,tJrkMCIZTtJrk
k=0

Eq.(B.2) implies that:

o _YaMCy
A= 0 =as)(PC)
Yy MCY, .
Ev=m=wywe
Ko SYPMC _
Fo 1 =as)(PC*)
Ky = Y MC

1—ad) (P*C*)

These equalities and Eq.(B.1) imply that:

Py =(MC"™ ; Py =(MC™;

where we use the equalities as follows:

Fyg =
Fy =
Fr =

Fy =

Pp =(MC™

Kxr
=E/ | 5—=— |, (B.1)
<PN,tFN,t>

Fri=Puy Yy (PeriCrir) " Yaen

k=0
o ~

Fxi=Pyni Y (PkCivk) ™ Yavien
k=0

Fp: = Z kCrvk) ?F,H’C

oo
* _ * * Ok
FN,t = § t+k t+k YN,t+lc~
k=0

(B.2)

PyYy
(1 —ad)(PC)
PnYn
(1—ad) (PC)
PrYrp

(1~ ad) (P*C*)

PR Yy
(1 —a0) (P C7)’

Pl =(MC™,  (B.3)

MC} = MC} = MC™ ; MC} = MCY = MC™,

which are implied by Eq.(A.17). These equalities imply that:

PH:PNa
Pp = Pj.
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Combining these equalities and the definition of Pp¢, Pp;, Pg, and Pg ,, we
have:

Pp = Pg = Py = Fg,
Pj = Pp = P}, = P (B.4)

Following Gali and Monacelli[18], we assume that PPP (purchasing power
parity) holds in the steady state, which means that:

Q=1 (B.5)
Egs.(B.4) and (B.5) imply the following:
P=P* =Pr=Py=Py=Py=Pp=Pp=Pp=P;=P;  (BS6)
Note that because Pr = Py and Py = P}, we have:
T=N=1. (B.7)
Because of Egs.(B.3), Eq.(B.4) can be rewritten as:
MC™ = MC™.
Thus, we have:
MC =MC* =¢71,

with MC = MT?" and MC* = %ﬂ.
Furthermore, Eqgs.(A.17) and (B.4) imply the following:

ON@:CWNﬂ¢:127 (B.8)
Eq.(B.8) implies the familiar expression:

(1-7)Uc(C) = ¢Un(N),

(I-7)Uc(C") = (Un(NT). (B.9)

Note that because 7 € (0,1) and 0 > 1, this steady state is distorted.
Eq.(A.26) can be rewritten as:

Yoy =~C+Gyg ; Yr=~4C+Gp, (BlO)

by using Eq.(B.6). Because Gg = Gr, Yy = Yr. As with Eq.(B.6), Eq.(A.29)
can be rewritten as:

Yw=(01-7C+Gxn ; Yi=(1-7C+G (B.11)

Because Gy = G, Y = Y.
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Eq.(B.6) and Eq.(18) in the text imply the following:

Y=Yy+Yy ; Y '=Yr+Yy,
G=CGu+Gyx ; G =GCr+Gi (B.12)

Combining Eqs.(B.11) and (B.12), we have:
Y=C+G ; Y"'=C+G". (B.13)
Because Gy = Gr and Gn = G}/, Eq.(B.12) implies G = G*. Thus,
Y=Y".
Eqgs.(A.10) and (B.5) imply that:
Cc=C". (B.14)
Egs.(B.8) and (B.14) imply the following:
N = N"*.
Eq.(A.21) yields the following:

1-9

B (T) =7Y -G, (B.15)

with B = %. This equality implies B = B*.
We assume B > 0; thus, another transversality condition for local govern-
ment is given by:

lim E, [6*"'Uc (C) RB] =0, (B.16)

k—o0

which appears in footnote 9 in the text.

C Log-linearization of the Model

C.1 Aggregate Demand and Output
Log-linearizing Eq.(7) in the text, we obtain the following;:
el =qy, (C.1)

where q; denotes the logarithmic CPI differential between the two countries.
Log-linearizing Eq.(A.7) and rearranging yields:

q: = (1 —7)n. (C.2)
Log-linearizing and manipulating Eq.(A.7), we obtain:

T =7+ (1 — ) e, (C.3)
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with mr; = %WH’t + %7’(’1:",5 which is derived by log-linearizing the definition of

the price index of tradables, where m; denotes the CPI inflation rate in country

H, m1; denotes the tradable goods price inflation rate, 7g + and mg; denote

the inflation rates of tradables produced in countries H and F', respectively, and

mn ¢ denotes the inflation rate of nontradables produced in country H.
Log-linearizing the definition of PPI, we have:

Pt =Pt + (L =) pae- (C.4)
This equality implies that:
Tps =Tt + (1 — %) T e, (C.5)

where 7p; denotes the PPI inflation rate in country H.
Log-linearizing Eq.(A.28), we have:

Yo = YYmt+pm: — PPt + (L =) ynve + (L =7)prve — (1 =) ppe
= yyme+ @ =)y~ +0me + (1= 7)) pare — Doy
Substituting Eq.(C.4) into this equality, we have:
ye = vyt + (=) ynt +Prt — PPt
= vyt + (1 —7)yns (C.6)

Log-linearizing the definition of the average price of goods purchased by the
government in country H yields:

PGt =Pt + (1 —7) pares (C.7)

which implies that pp: = pa ¢.
Combining the log-linearized LHS of Eq.(A.29) and Eq.(C.7), we have:

gt =91+ (L=7) gt (C.8)

Log-linearizing the first equalities of Egs.(A.26) and (A.27) and substituting
these equalities into Eq.(C.6), we have:
1-— 1-—
(1-0g)v (1-0c)¥ (C.9)

yr=(1—-o0g)ci+ 5 .+ 5 N +o0Gge.

Subtracting the counterpart of Eq.(C.9) in country F from Eq.(C.9), we
have:

yi =7 (1 —0a)ti+ (1= 7) @ (1 - 06) n + oGl (C.10)

Log-linearizing Eq.(A.23), we have:

1 1. . 1 1-6
by = Eicip1—ci— gﬂ't + E¢mir + th—l — T+ gbt—l + <T> %tt
T o
-y + =g, (C.11)
opB opB
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Combining Egs.(C.3), (C.6), (C.8), (C.10), (C.11) and the counterpart of
Eq.(C.11), we have:

- f—WUGEtyl’Kl + BwEr Y, — Bwi, + ﬁTWf'H — Bwby”

+ T t—1 — Tﬂ—t +ogrwg; (012)
yl = —BrodE+ Br(1—7)un; — Br (1 —7)ni_y + Brb,

+ UGngf%. (C.13)

Log-linearizing Eq.(A.30) and substituting Eq.(C.9) yields:
. (-og)¥

nry = D) N,

with nz; = ‘”\)’,X t denoting the percentage deviation of the net exports in country

H from the steady-state value of output. Note that this equality becomes nz; =
0 which implies that balanced trade is definitely applied, under our benchmark
parameterization, n = 1.

C.2 Aggregate Supply and Inflation
Log-linearizing Eq.(A.16), we have:

E

oo

ko~
E (06)” (Rt + XH t4k + XT tk — XP otk — mCH,t—i—k)] =0,
k=0

with Xg i+ = In Xg ik, Xgt48 = MXH 14k XT 46 = D X744 and xpypp =
In xP,t+k:-

Using the fact that Xg ¢+6 = Xmt — Zle TH,++s, this can be rewritten as:

Eq

[eS) k
.
Z (ad) (XHJ - Z TH,t+s T XH,t+k + XT t+k — XP4k,t — mcH,t—Hc)] =0.

k=0 s=1

Furthermore, using the fact that Y - (ad)” Zle THits = Tom5 D ohet (ad)F TH t+k
this can be rewritten as:

1 _ 1 (oo} (oo} (oo}
1— a(SXH’t — mEt Z (aé)k 7TH,t+Ic =+ Et Z (O[(S)k XH,t+k: + Et Z (015)k XT,t+k:;
k=1 k=0 k=0
—Et Z (a(S)k XPt+k — Et Z (Ck(s)k MCH t+k = 0.
k=0 k=0
Rearranging this, we have:
Xy = (@0)" ok — (1—ad) Y (ad) s en — (1 — ad) Y (ad)* x7 14k,
k=1 k=0 k=0
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oo

+ (1 — ad) Z (20)* xpis+ (1 - ad) Z (ad)" memiix,
k=0 k=0

= admgy1 — (1 —ad)xmge — (1 — ad) xpy + (1 — ad) xpy,
+ (1 — ad) mem, + 0Xp t41- (C.14)
Log-linearizing the first equality of Eq.(A.13), we have:
e
1—
Combining Eqs.(C.14) and (C.15) yields:

XH,t = TH, - (C.15)
a

THt = OTH 41 — KXH,t — KXT,t + KXpt + KMCH ¢,

= dmgg1+ (1 =) kpa,e — (1 =) kpEe + KMmcH ;.

Taking the conditional expectation at ¢, the second equality can be rewritten
as:

Tt = OEmme1 +8(1—=7)pye — 6 (1 =) prs + kmens. (C.16)
Similar to Eq.(C.16), the log-linearized second equality of Eq.(A.14) is given by:
TN = OETN 441 — KYDN ¢ + BYDH t + KMCN ¢ (C.17)

Other FONCs for firms can be log-linearized similarly.
Substituting Eqgs.(C.17) and (C.16) into Eq.(C.5), we have a PPI-based in-
flation dynamics equation as follows:

TPt = (5Et7rp’t+1 + KMmcy, (018)

where we use mey = ymep ¢ + (1 — ) mepr,, which is derived by log-linearizing
the definition of country-wide marginal cost.

Combining Eq.(C.17) and its counterpart for country F, the nontradables
inflation differential is given by:

ﬂfm = 5Etﬂﬁ7t+1 + Kyng — Kyt + fimC/I\%ﬂt, (C.19)
with
R _
T = — (e —ne1), (C.20)
being relative nontradables inflation.
By log-linearizing the first equalities in Eq.(A.12) and combining it with
Eq.(C.6), we have:
Yo = vam: + (L —7)an e + ni, (C.21)
where we also use the log-linearized definition of hours of work, n; = yng+ +

(1 - ’Y) NNt
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Combining log-linearized Eq.(A.17), and Egs.(C.9) and (C.21), we have:

A Y o
MCH ¢ 1 oG Yt 2 Ny ( + (p’}/) aH,t ( 7) PanN ¢ 1— oa gts
A 9¢
meNe = 7 O'Gyt N %nt —eyan: — [+ (=) elav, = 1- Jth-
(C.22)

Substituting Eq.(C.22) into the log-linearized definition of the marginal cost
mey = ymem s + (1 —y) meprt, we have:

A o
v — Lo — (L+ @) vams — (14 @) (1 —7) ap — —2C

gt-
(C.23)

1—o0¢

Combining the second equality in Eq.(C.22) and its counterpart for country
F, the logarithmic marginal cost differential associated with nontradables is
given by:

A
mey, = EZJ? —ne — yamps + eyar: — [1+ (1 =) plan,
* 9a
+ [+ A= ela, - 7——a" (C.24)
oG

C.3 Marginal Cost and Output Gap

Following Gali[18], we define the relationship between output, its natural level
and the output gap as:

Yt =Y + Ut (C.25)

where 7; denotes the logarithmic output gap measured from its natural level, and
g denotes the logarithmic natural output level. Under the long-run equilibrium,
7 = 0 must hold.3!

When the fiscal authorities design their policies to reduce the distortion
generated by monopolistically competitive markets, real marginal costs under
the long-run equilibrium are constant, and their logarithm is given by mc; =
0. In addition, under the long-run equilibrium, PPP is applied.?? Thus, the
logarithmic NPD under the long-run equilibrium is given by n; = 0.

Combining these facts, Eq.(C.23) implies that:

_ _ o
g = Byam, + B (1= 7) awo + ~For (C-26)
Combining Egs.(C.12), (C.13), (C.25) and (C.26) can be rewritten as:

_ . Bw B
EgiY, — Bwr + BwEeml | + TWT't—l — Bwbl” + waﬁl,

W ﬁW
yt - 1—
31Following Gali[18], nominal rigidities disappear in the long-run equilibrium.
32Following Gali[18], we assume a steady state where PPP is applied.
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_ Bw W_Wﬂﬁ’r _(Q=)BBN BT
5 —2 GH,t D) Nt D) Fity
1 _
SO0 ool (©27
gt = —BrobE +Br(1—7)vn; — Br (1 — ) ni_1 + BrOE, — Byam,,
+ Byap, — B(L =) an, + B (1 —7) ajy + SroGes, (C.28)

which are Eqs.(13) and (14) in the text, respectively.
Combining Egs.(C.18), (C.23), (C.25) and (C.26) we have:
EA K
mpt = 0Eympip1 + ——— Y — w—nt, (C.29)
1-— oG 2
which is Eq.(15) in the text. Similar to Eq.(C.29), we have the counterpart of
Eq.(C.29) in country F.

C.4 NKRD
Combining Eqs.(C.19), (C.23), (C.25) and (C.26), we have:
7rJI\%f,t = 5Et7r11\%/,t+1 + K + kN — KEY (1 - B) QHt T KPY (1 - B) QFt,
—k[1+eA =) (1-B)]any +r[L+e(1—7) (1-5)] air
. RO@G . f R
1-— (el (1 )\) gt ’ (CSO)

which is Eq.(16) in the text.

D Welfare Criterion

Following Gali and Monacelli[18], Gali[17] and Benigno and Woodford[10], we
show the derivation of the welfare criterion in the text based on the second-
order approximated utility function of Eq.(A.1) in the present appendix. n =1
is assumed through the present appendix.

This section consists of four subsections. Subsection D.1 presents the second-
order Taylor expansion of the utility function. Subsection D.2 presents the
second-order approximation of the FONCs for firms. Subsection D.3 eliminates
the linear term and completes the derivation of the welfare criterion. Subsection
D.4 discusses other details regarding the coeflicients and the NKPC in terms of
the welfare-relevant output gap.

D.1 Step 1: The Second-order Taylor Expansion of the
Utility Function

The second-order Taylor expansion of the period utility function in Eq.(1) in
the text is given by:

[/t_(/ -1 1 2 1(/CC 2 2 LN 1 2 1[/NN 2 2
= — _— —
UoC c [C(ct+2ct)+2 UCC UCN nt+2nt +2 Uc ——N~"n
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+o(ll”)

1, 1Ucc,, UNN 1,\ UnxnN?,
= —_ ——C —_—— —_ _—
¢t + 5 €t + 2 Ue on Uc C ny + 5" + Ue C n;
+0(||£||3) (D.1)

where we assume that utility is separable by consumption and hours of work, i.e.,
Ucn = 0. Plugging Uc = C1, Uog = —C2, Uy = N¥ and Uyny = @N¥!
into Eq.(D.1), we have:

Ut—U B _UNN 1+§0 2 3
o = o g (mer ) o (1)
N N 14+ ¢
= et {nt 0+ @)nf} to (||§||3) , (D.2)

where we use the fact that 1 — @ = I_TT and Eq.(B.9).
Likewise, we have:

Ur—U _N N[* 1+
W

e IRl (R S (R (n;)ﬂ +o(lgl’) . (3)

Eq.(A.12) can be rewritten as:

Npit=——"—= Nnt=

)

-6 -6
with Dy, = fol (PHT‘(:’)) dh and Dpry = fol (PNTt(th)) dh where we use the
' Y ¢ (h)dh LY ¢ (h)dh
fact that fo;% =Dpg+ and fo;;f% =Dp .
Log-linearizing these equalities, we obtain:
ngt=ya:+dgs +tip, 5 nave=yane +da +tip.

Combining these equalities with Eq.(C.6) and the log-linearized definition of
country level hours of work, ny = yng + (1 — ) na yields:

ng = Y¢ +ydme + (1 — ’y) dn,: + t.ip. (D.4)

_ Pua (W)Yo (W) +Pao (W)Yo () v h  PralDYed (D P (DY ()
Let Pp (h) = =gl and Pp, (f) = =5 amvem

These yield pp; (h) = ypu .+ +(1 — ) pare (h) and ph, (f) = ypse+(1 = 7) Pir (f)
by log-linearizing. Taking these equalities, Eq.(D.4) can be rewritten as:

Py (h)\° Py (h)\ 7!
Yt +vInEy (%()) + (1 —7v)InE, (M) + t.1.p,

n =
K H,t PN,t
P h P h
= 1y —0E, ['yln (L()> +In(1-—7) (M)} + t.i.p,
Pry Pyt
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yr — OEn [y (pae (h) —pre) + (1 =) (oA (B) — pary)] + aq,

P,
= Yt — (9111 Eh ( Pt (h)) + t.i.p,
Pp,

1/p )
Y +1n/ (L(h)) dh + t.i.p,

0 Pp,
=y +di+tip, (D.5)

—0
with D; = fol (P’;;;(ZL)) dh. Likewise, we have:

n; = y; +dj +t.ip. (D.6)
Substituting Eqgs.(D.5) and (D.6) into Egs.(D.2) and (D.3), we have:

Ui~ U ® (l+p)+@) ,
= - 1+®)dy + —————= —92
UCC l—UGyt+Ct ]_—UG |:yt+( + ) t+ 2 (yt ytat) )
+tip.+o <||§||3) ,
ur-U o L, 1 X . A+ Q+P) 7, .02 ..
UcC = 1_0_Gyt + ¢ 1—o0g {yt +(1+2)d; + 5 [(yt) 2ytati| )
+ tip. +o(||§||3), (D7)

with a; = yag, + (1 —v) axys and af = vap, + (1 —7) @), Where we use the
fact that & = (1 — o) " because N =Y.

C
Combining Egs.(C.1), (C.2), (C.9) and (C.10), we have:
o 1, . 206 w
Ct_l—UGyt+1—0Gyt Ct+1_O_th‘

Combining Eq.(D.7) and this equality yields:

uy -u . o w . 1+e)(1+D), 4
St = ol - s A e a + A
~2yian+ (u)° = 20ia| |+t + o (I€1°) - (D.8)

Let pps (h) = ppi(h) — ppt. As derived by Gali and Monacelli[18], note
that:

1-0
<%ﬁm> = exp[(1—0)pps(h)],

)

1= (=0 pee () + L5 D pe (1) 40 () (D9

In the symmetric equilibrium, we have P’%(th) = 1. This implies:

o <%ﬁm>l_e _1 (D.10)
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Combining Egs.(D.9) and (D.10), we have:

o —
2

. 1.
Enpp. (h) = Enppy (h)?. (D.11)

-0
In addition, the second-order approximation to (P’%(th)) yields:

—0 2
<M> = 1= 0pp (1) + Sy (1) + 0 (117

Pp, 2
This equality implies:
. 0% . 2 3
Dt =1- 9Ehpp,t (h) =+ ?Ehpp’t (h) + o0 (Hg” ) .

Substituting Eq.(D.11) into this equality, we have:

Dy

0_. .
1+ iEhpP,t (h)2 +o (H§||3)

1t Dvan (b (1) + o (€]7)

This equality implies:

d, = gvarh (pps (b)) + o (||g\|3) , (D.12)

which clearly corresponds to the equality derived by Gali and Monacelli[18].
Lemma 1

o0 1 oo
Z Stvary, (pps (b)) = - Z 5,
t=0 t=0

Proof: See Woodford[35], p 399-400.
Substituting Lemma 1, Egs.(D.12) and (D.8) into the definition of welfare
in the text, we have:

_ S (1+2)6 (1+2)0  , \2
WY =m0 |t - e (g (7
(I+9)(1+9) I+ (1+2) .,
- (1-o0g)4 (e —a)” - (1-0g)4 (v = ap)”
Ftip. 40 (||§||3) : (D.13)

Note that Eg Y-~ 0 U(}VZ_CU = WW because UoC =1 and U = U*.
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D.2 Step 2: The Second-order Approximation of the FONCs
for Firms

Substituting the first and the second equalities in Eq.(B.1) into the first and
the second equalities in Eq.(A.13), we have:

0-1
1 _ Fry

= (1—ar® 1) _ ,

l—« ( @ Hit KH,t

6—1
1 F
- (1 - aHj’\;tl> - <KLNZ) (D.14)

l1—«

Taking logarithms on both sides in Eq.(D.14), we have:

1 (&% 09—
—log (m —1 aHH’tI) = (0—1)(log Ky —logFry4)

1 X o-1

The first-order approximation of the LHS in Eq.(D.15) is given by:

1 a 91\ _ (@-1a 2
_10g<1—a B 1—aHH’t> o l—«o 7TH’t_‘_O(ng )

1 «@ 0—1 _ (0-1a 2
1og<1_a 1_QHN¢) = T +o(lgl?)  (D.16)

A weighted average of the two equalities in Eq.(D.16) is given by:

0-1)« O-1)a

n 0-1)a
-« YTH 11— —

(L=7)mne = 1_

TPt
where we use Eq.(C.5). The second-order approximation of the RHS of this
equality yields:

0-1)a (-1« @—-1)a3 , 3
—a Tpt = I~ o TPt + (1—a)4wP’t+o(HSH).

Combining this equality and Eq.(D.15), we have:

(01__1(10[7719,1: + ((91—_10)6)01437%7t =0-1)(k—fr)+o (||£||3) ) (D.17)

with k¢ = vk + (1 — ) kare and fo = vfu + (1 — ) far,e where we use the
fact that K = F. Note that Ky +, Knxt, Fr+ and Fu ¢ are (||§||2)

Log-linearizing the first and the second equality in the LHS in Eq.(B.2) and
combining them, we have:

fo

kt = ‘lgit — 1 TPt (D].S)
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with b = (1 — ad) B, 3, (ad)" Kt and ke gy = (1+ @) Yo (Hf)m attkt

%gt-&-k +0 lezl T Pt+s-
Log-linearizing the first and the second equality on the RHS in Eq.(B.2) and
combining them, we have:

(1o

ft:ft—l_a

TPty (D19>

with f; = (1 — ad) By Y5 (20)" foern and fiopn = — ToS— Ytk — (Hf)ac attip+

%gwk +(0-1) lezl TP tts-
Subtracting Eq.(D.19) from Eq.(D.18) yields:

ke — fe = ift - ]?t (D-QO)
Substituting Eq.(D.20) into Eq.(D.17) yields:

(eliliaﬂp,t + ((91__2)0437r?>,t =©0-1) (b= 7)o (l&).  D21)

An arbitrary variable V; can be approximated as:
V% — eln Vi

= MV eV (InV,—InV)+ éelnv (InV; —InV)* +o(||£||‘°’)

1
1% (1 + o + §v§> +o0 (\|§|\3) .

Thus, we have the second-order approximation of k, and ft as follows:

. 1.
Re o= o R
0o _ 1-
= (1-ad)E, ];) (ad)" <kt,t+k + §kt2,t+k> (D.22)
. S
fe = fi+ Eft
S _ 1-
= e @ (fe i) O

Subtracting Eq.(D.23) from Eq.(D.22) yields:

ki—fo = (1-ad)E i (ad)" [(ift,tﬂc - ft,t+k) + % (];?,tJrk - ft2,t+k)]

k=0
_ %szt +o(lel®) (D.24)
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with

Zt = Et Z (Ck(s)k (iﬁt,t+k + th,t+k:> . (D25>
k=0

The first term on the RHS in Eq.(D.24) can be rewritten as:

S k(73 3 B = k AL 1
E, kZ:O (ad) (kt,t+k - ft,t+k> =E; }; (ad) T o Jrh +1o aéPP’t (D.26)

with PP,t = Et ZZO:O (aé)k TPt+k-
The second term on the RHS in Eq.(D.24) can be rewritten as:

%Et Z (a5)k (’Nf?,m-k - f~t2,t+k> = %Et Z (aé)k (k\];iwk - ﬁim—k)

k=0 k=0
[’} k
+E, Z (ad)” Z TPtk [akkt,t—o—k —-(0-1) fft,t+lc:|
k=0 s=1

o

b 2
+%Et Y (o) (Z wP,t+s> [02 — (- 1)2} (D.27)
k=0 s=1

with
Lk - og(1+ o (1+
kkioyr = (1+0) Joyn — MCLHI@ + Mgt-‘rka
Y oG . oag(1+¢ og(1+
fft,t+1c = - Yt+k — ¥at+k + Mgpi»k. (D.28)
1-— oG A A

The last term on the RHS in Eq.(D.27) can be rewritten as:

[eS) k 2 o'}
1 20— 1
T ;0 (ad)" (; ”P’t+5> [92 -0~ 1)2} T 1) T kZ:O (a0)" 7p sk (TP atk + 2Ppesk) -

(D.29)

Furthermore, the second term on the RHS in Eq.(D.29) can be rewritten as:

oo

k oo
Eq Z (045)k Z TP,t+s [ekkt,twc —(0-1) fft,t+k] = E; Z (045)k TPk Jivks
k=0

k=0 s=1

(D.30)
with
Ji =By Z (aé)k {gk\];t,t+k -(0-1) ﬁt,t+k] . (D.31)
k=0
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Substituting Eqgs.(D.29) and (D.30) into Eq.(D.28) yields:

1. & e . 1. e [~2 —2
§Et Z (O‘5) (th,t+k - ft2,t+k> = §Et Z (0‘5) (kkt,t-i-k - fft,t+k)
k=0 k=0
+ E; Z (O[(S)k TP t+kJt+k (D.32)
k=0
20 — 1 >
+ mEt kZ:O (a(s)k TP t+k (7TP,t+k + 2PP,t+k) .

Substituting Eqgs.(D.25) and (D.31) into Eq.(D.24), we have:

ke—fi = E Z (@d)" {(1 — ad) {(ﬁt,ﬁrk - ﬁt,t+k) + % (E];f,t-&—k - ffft-&-k)} }
k=0

+E D (@) mpik + (1= ad)Ey Y (ad)* wpyidisn
k=1 k=0
20 — > 1—ad)a
+ E, kzz;) (00)* (TP isn + 2Ppisi) — ﬁ”mzt +o (Hf”g) :

(D.33)

Substituting Eq.(D.21) into Eq.(D.33) to eliminate the term k; — f; in the
LHS in Eq.(D.32) yields:

n 3, . 1—ad
s -
Pt 1 Pyt 2

—~ — 1—a)(l—ad) /~2 —~2
7TP,tZt = kK (kkt,t+k - fft,t+k) + * (kkt,t+k - fft,t+k>
+ (1 - Ol) 5Et7TP,t+1 + (]. — a) (1 — 045) Et7TP,t+1<]t+1

1—a)(20 -1
+ MéEﬂrP,wl (mpt+1 +2Ppty1)

2
3 1—ad
+ adE; (7rp,t+1 + Zﬂl%,tﬂ + TPt+1 Zt+1>
+o(lel’). (D.34)

Eq.(D.31) can be rewritten as:
1 & — _ N N
Ji = EEt Z (ad)” {kkt,t—s-k — flopsn +(20-1) (kkt7t+k - fft,t+k)] -(D.35)
k=0

Substituting Eqgs.(D.18), (D.19) and (D.28) into Eq.(D.25), we have:

- ~ ~ 20— 1
E, Z (O‘(S)k (kkt,tJrk - fft,t+k) =7y — 1= aa'Pp,t. (D.36)
k=0
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Substituting Eq.(D.28) into Eq.(D.26) yields:

E; i (a5)k (ﬁt,wk - ﬁt,t+k> = E i (a(s)k (ift,t—s-k - ]?t,t—s-k)

k=0 k=0
1
- D.
1-— aépp’t’ (D-37)
where we use the fact that
— — A
Kk — fft,t = 1—on oG Yt- (D.38)

Substituting Egs.(D.36) and (D.37) into Eq.(D.35) yields:

2(0 - 1)

1. & . . _
Jo = 5E ];) (ad)* {Zt F(20-1) (kwk - fmk) — mpp,t] . (D.39)

In the first order, Eq.(D.21) can be rewritten as:
mpe = KBy > (@) (Ruark — Frasn) +o ()
k=0

Substituting this equality into Eq.(D.39), we have:

1. a20-1) 20— 1
= —Z — .
Ji 5%t + o Pt T T a(sPP,t

Substituting this equality into Eq.(D.34) yields:

3 1—ad — —~ 1 /—~2 —~2
Tpt + 177129,15 + 5 TPl = K |:kkt7t — fft,t + 3 (kkt,t — fft,t):|
1—ad)d
+ 6Et7TP,t+1 + %Etﬂp,tJrl Zt+1

30 00
+ XEtﬁlzﬂ,tH + TEtW?D,tH

+o(llel’).

Adding %71’1237t to both sides in this equality, we have:
— — 1 /~2 —~2 o,
My =k |kkey — ffee+ 3 (kkt,t - fft,t) + 0E Mg + ZPe (D.40)

with M; = 7p; + %w%t + 1_—20‘57rp’tZt + %w%t. Substituting Eq.(D.38) into
Eq.(D.40), we have:

3+ o (IlEl”)

Tpt = 0Tpyy1 + Ty
— 0@
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in the first order. Thus, Eq.(D.40) corresponds to the second-order approxi-
mated NKPC in Benigno and Woodford[10]. Iterating Eq.(D.40) forward, we
have:

0 — — 1 /~2 —~2 = ,0
M=rEY 4" {kkt,t —ffu+ s (ke — 7 ft,t)} +Eo Yo' —nb,, (DAY)
t=0 t=0

with M = M, where we take an expectation in period zero.
Eq.(D.28) implies:

—~2 —~2 o 20’@(1-‘r§0)~ 20¢ (1+90)~ :
kk, , — = 2 t.i.p.
o= S F e w1Y; =o)X Yiay 1—oc) X Ytge + t.1.p
~ - ~ oG -~ 2
= w1 {yt — Wawaay — Tw3gt} )
with @01 = —5(17;;) , e =1+ JTG’ O3 =1-— (1—ac,«<)(1+ga) and Oy = (1—UG£(1+¢).

Substituting this equality and Eq.(D.38) into Eq.(D.41), we have:

> )\ - (:11 -~ oG ~ 2 @
M = kEg §5t { T—og t5 [yt — Wawoat — Tw39t:| + Zﬂ—l%,t
Ftip.+o (Hgn?’) . (D.42)

The counterpart of Eq.(D.42) in country F is derived similarly as:

e -
* A ~x w1 * ~ o~k 0G - & 2 S} x \2
M = HEO tz:;ét {1 ~on Uy —+ 7 |:yt — Wawaoa; — nggt} + Z (Wp’t) }
+tip. +o ([€)°).

Combining this equality and Eq.(D.42) yields:

o0

AL @1 - oG .. 2
MY = kB Y6 w2l ( - _ % ) :
K ot=0 1 _O_Gyt + 7 | (U — waay h\ @3g¢ ) + (y;

2 (C]
—Oyweaf — UTGngg;‘) } + 3 {ﬂ'}%,t + (ﬁ’,t)ﬂ}
Ftip. +o (||§\|3) . (D.43)

D.3 Step 3: Elimination of the Linear Term and Complet-
ing the Derivation

Multiplying ® by both sides in Eq.(D.43), and subtracting this from Eq.(D.13),
we have:

oo

wwW oMW = E025t

{ﬁ (1+¢) (1+ @) + x@an] |37 + (w0
t=0
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269 (1 — o) 1+ @

— ) [P 2 i)

2&@0
A

+Myw} +tip.+oJlel).

1—0’@

(1+®)60 3O

Rearranging this equality, we have:

W = _E025t{ ooy (090 (1 ®) ] [17 + 50)°]

—(1+¢) [2’@(; G>@z+ (11_15)2} (yras + yiay)

_2noc 1[(1+®)0 O],
;) (yt9t+yt9t)+z [m‘i‘T} [Wpt+(

— P (1=K :
+Eoz5t£_—o_c)ygy+CI)MW+t.1.p.—|—O<H§H3).

Wfﬂ,t)Q] }

(D.44)

Note that MW = Eg Y 0, 6! £2-y/V + o (||£|| > because of Eq.(D.43). Thus,

l—0o¢g

the second and the third terms in Eq.(D.44) can be rewritten as:

Eo Z(V ~W + oMW = EZékq) ~W + oMW +

— EOZ(St @(%—QMW

@ w
- K)\M
- Ty

We use this fact to derive the above equality as follows:

Eozaf ¥ +o (Jlel).

:MW

w
Tp.o

W_
)\M

which can be derived by iterating the second-order approximated period FONCs

for firms, namely, 7p; = 0E;mpy1 + ﬁﬂt +o0 (||§H2
Substituting Eq.(D.45) into Eq.(D.44) and rearranging, we have:

S 1
" ¢ 2 *\2 . .
w O; {(1—JG)4W1 Yi +(yt) (055 (ytat+ytat)

* ok 1 * 2 .
—ws (Yrg: + yi97) + ZLU4 |:7T}23,t + (WP,t) } } +Tg+tip.+o0 (|‘§”3) ’

93

1 X 12
O3 (yege +y90) + [m + 7} {W%’,t +(7h,) }

d

——M"

KA

o w
+HM

(D.45)



withwy = (14 @) (1 + ®) + kD1, we = (1 + @) [QHCI)(I;UG)‘:’Z + (1?;‘2)2], w3 =

% and wy = % + %. As shown in this equality, the linear term

disappears. By arranging this equality, we have:

1o [Ny oo Ay
wwo = —iEozét [Tyyf_’_?y(yt)?_'_
t=0

+o(lel) .

which corresponds to the second-order approximated welfare function in the
text.

Ar Ar /. 2 .
77r§3¢ +5 (751) } + T + t.ip.

D.4 Other Details on Coefficients and the NKPC in Terms
of the Welfare-relevant Output Gap

Note that complicated coefficients associated with the target level of output are
as follows:

(1-06) (1+¢) [46@ (1 - 06)* (s + 06) + As (1 + @)
(X +K® +¢)As

(1- Uc;>2 4kPog s — (1 —og) (1 + ¢)]
(X + K<) A
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The NKPCs in terms of the welfare-relevant output gap are different to the
NKPCs in terms of the output gap. Eq.(38) can be rewritten as:

KX
mpy = OEmpiy1 + = cht
= OB+ (9¢ +yi — Ye)
— oG
KA KA - KA lofe
— OB j 0, — (22 - 22)
t7TP,t+1+1_UGyt+1_OG( 1 B)at—’_l—ag 27 gt
= O0Empit1+ T on e+ £ (14 @) Q3as + kogQag:
= (SEtﬂ-P,H—l + 1— o gt + &¢, (D46)
. _ 48P(1—0c)?(stoc)+As(1+P) _ (1—00)4s®[s—(1—0c)(1+¢]) 1
with Q3 = ?X+;¢,+C;)c > and Q4 = < (xjm1>+<)<c £l os-

This equality corresponds to Eq.(21) in the text.
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E Lagrangian and its FONCs

E.1 Optimal Monetary Policy Alone
The Lagrangian is given by:

= . Bw - . Bw
£ = Ep {; st {LXV + p1e (th . 0G9t+1 + Bw iy — /BWWK/H - Trt—l
—I—ﬁTW?TXV + ﬁwav> + pioe 57— Br (L =) vng + Br (1 — ) ne—1]

KA N N EA
thze | TR — 0P+l — T g Ut ) T\ The = OTpys1 — T og

+ ng — d Ngt1 + NP GR - 1 n
Bot M T T s v T Tro+rt  Tto4nrt! '

because b, = b; = 0 for all ¢.
The FONCs are as follows:

Ar B
L + 2—‘21 (pie— pag—1) + (u3e —pse—1) = 0
Aﬂ' * ﬁ
5 TP + 2—‘21 (pie — pig—1) + (pae — pag—1) = 0
Ay n 1 L MK n KQ
D) Yt 2M1¢ M2t (1—Ug)M3’t 1+6+/€M5’t
_ﬂ—Wﬂ = 0
(1 — Ug) 20 11
Ay, " 1 AK K@
D) Yt 2#1,t H2,¢ (1—JG)H4’t 1+5+K#5,t
_57"‘/” = 0
(I—og)26" 1
1
—Br(1- st — ———p5s = O
Br (1 —7)vpae — Hst T o3 nhet1
pe = 0 (EI)

Note that the fifth equality in Eq.(E.1) corresponds to the second equality in
Eq.(24) in the text. Because of commitment, a lagged Lagrangian multiplier
appears.

Combining the first to the fourth and the sixth equalities in Eq.(E.1), we
have:

AemV + (pa — p3,0-1) + (pay — pag—1) = 0,
]. + 90 ~W K'/)\ HA
1_oc? ~ (T—00)2"" T —og) 2

Combining both equalities in Eq.(E.2) yields:

A (1—0’(;) N N
WXV:—yAT(tW—ZJKQ,
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which is Eq.(22) in the text.
Combining the first to the fourth and the sixth equalities in Eq.(E.1), we
have:

A
%Wg,t + (w3t — p3e—1) — (Ha,e — pa—1) = 0,
Ay R KA 2Kp
—7 - =0 E3
5 Yt T M2 1—0G'u3’t+1—0Gu4’t+1+6+mu5’t (E.3)

Combining both equalities in Eq.(E.3) yields:

A, (1— (oxel “ ~ 2(1— Ug)
Wg,t = - yg\ S ) (th - Z/5—1) - (Aﬁ (2t — p2,e—1)
(1 —0g)4kyp

NS TETET) (M5, — p5,0-1) 5 (E4)

which is the first equality in Eq.(24) in the text.

E.2 Optimal Monetary and Fiscal Policy
The Lagrangian is given by:

o0
. Bw . . Bw .
fom {Zét 28 (51 2 Bl = B
t=0
+57W7rtw + Bwb]” — %Wb%) + pioe [57 + BrObE — Br (1 — ) vy

KX N
+0r (1 —y)ne_1] + pse (Wp,t —0Tpiy1 — 1~ oo yt> + Hat (Wp,t

it

N BA ., )
—0Tp 41— e Yp | + M5, | N Ney1 +

The FONCs of the Lagrangian are given by Eq.(E.1) and the following equal-
ities:

K@
1+5+k

Bw

7#1,t+6R6H2,t = 0,
ﬁ?wm,t—ﬁR(SMQ,t = 0. (E5)

Combining both equalities in Eq.(E.5), we have:
pa,e = 0. (E.6)
Substituting Eq.(E.6) into Eq.(E.4), we have:

R _Ay(l_UG) (AR ~R ) (1 —o0c)4rp

= — — — _1). (E.7
Tpt A RN t Yi—1 ArkN(L+0 + 1) (M5,t U5t 1). (E.7)
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Substituting Eq.(E.6) and the initial condition us —1 = 0 into the fifth equal-
ity in Eq.(E.1), we have:

ps,e = 0. (E.8)

Substituting Eq.(E.8) into Eq.(E.7) yields:

A (1 —O’G) . .
Wg,t = %7 (th - yﬁl) )

which is Eq.(25) in the text.

F Derivation of Social Loss

Using the stable roots obtained by analyzing the determinacy, this section cal-
culates social loss analytically.>> We assume that the model includes the price
shocks that forbid the central bank from being able to stabilize inflation and
the output gap simultaneously.

Similar to Eq.(D.46), we have the NKPC in terms of the welfare-relevant
output gap in country F' as follows:

7T}k:u,t = 5Et7TP,t+l + :l;;; + E:, (Fl)

1-— (Xel
with € = k (1 + ¢) Qzaf + kogQagy. Combining this equality and Eq.(D.46),
we have:

KA

7[';/‘/ = 6Etﬂ-1}/K1 + 1—yl/V + EZV.

—0G
Note that e = Q5v€m, + QsvEre + Qs (1 —7) e + Qs (1= 7) Exry — DG,
with Q5 = w and Qg = kog§y.

Firstly, we calculate the system of the average block. Substituting Eq.(22)

in the text into this equality, we have:

Eg/, = Qro g — 619V, + Q6 e, (F.2)
with Q7 = };Zi (1 + 46+ ?fgg) and Qg = % Its vector form is given
by:

CAREANERE
with M = { 971571 _%71 }

33See Monacelli[25] and Walsh[34].
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These roots are the solution to the characteristic equations as follows:
T2 — tr (M) + det (M) = 0,

with tr (M) = 975_1 = W, + Uy and det (M) =61= U0, > 1.
Let us suppose | ¥y |< 1. ¥, satisfies:

Uy <1< t<Wy=06"10t,

The pair of solutions to the characteristic equation is as follows:

o 45
N 14 /1 - ==
L2759 ( Q%)

with ¥, » denoting the pair of solutions to the characteristic equation.
Eq.(F.2) can be rewritten as:

Q 1 o Q
<1 - %L + ng) 9 = 58 ey, (F.3)

where L is the lag operator. The coefficient on the LHS in Eq.(F.3) can be
rewritten as:

1—%L+%L2:(1—\111L)(1—\I/2L).
Substituting this into Eq.(F.3), we have:
(1 W1L) (1~ Tl Y = el (F.4)
Because (1 — W,L) ' = — Yoo (UoL)™ ¥ this can be rewritten as:
(1-0L) " = -Qs¥1e)”,

where we use the fact that ¥y = §~1¥'. Thus, the final form of the solution
is given by:

= -0,y Z okl (F.5)

Secondly, we calculate the system of the relative block. Subtracting its
counterpart in country F from Eq.(D.46), we have:

KA
T = 5Et77t+1 + 1= yt +er,
with et = 2Q57€m — 2Q7Er + 295 (1 —7) Envye — 295 (1 — ) Ent — Qg,fgt.

Substituting Eq.(25) in the text into this equality and using a similar procedure
to derive Eq.(F.5), we have:

gt = Qg Y Whet (F.6)
k=0
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Note that v; = v}V + fvf. Thus, combining Eqs.(F.5) and (F.6), we have:

e =—Qs01 Y Whey . (F.7)
k=0

Subtracting Eq.(F.7) with a one period lag from Eq.(F.7), we have:
(G = Ge—1) = Q¥ (1 - Z Uil g — Qsey (F.8)

The FONCs under the optimal monetary and policy regime imply:
o =—Q3" (Gt — Ge—1) - (F.9)
Combining Eqs.(F.7) and (F.8), we have:

Tpy=— | Uy (1-0) Z Thle, o —ey. (F.10)
Note that v; = v/" — vff. Thus, combining Eqs.(F.5) and (F.6), we have:

g = -0 Yy Wher . (F.11)
k=0

Subtracting Eq.(F.7) with a one period lag from Eq.(F.7) yields:

(oo}

(07 = 95_1) = QW1 (1 - W1) Y Ui e, — el (F.12)
k=0

The FONCs under the optimal monetary and policy regime imply:
mpe =~ (5 —5i0) - (F.13)
Combining Eqs.(F.7) and (F.8), we have:

Tpy=— | ¥1(1—¥1) prk A (F.14)
k=0
Eq.(F.7) implies:
Z‘I’%Et b (F.15)

Eq.(F.10) implies:

(npy — &) = 2\112(k De2 (F.16)
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The LHS in Eq.(F.16) can be rewritten as:
(nps —er)” = Thy — 2Tpucs + & (F.17)
Multiplying by &; on both sides of Eq.(F.10), we have:
TptEr = \Illet, (F.18)

because the serial correlation of shocks is zero. Combining Eqs.(F.17) and (F.18)
yields:

(7Tp,t — Et)z = 7T12:‘,t + (1 — 2\I/1> 8?. (F19>

Combining Egs.(F.16) and (F.19), we have:
ml, =0 (1-V Z\IJQ"“ Ve2 | —(1-20;)e2. (F.20)

By using a similar procedure to derive Egs.(F.15) and (F.20), we have:

@) = (201)° Y W (ef )7, (F.21)
k=0

* V2 _ 21 2 = 2(k—1) [ _x 2 )

(7}4) TP (1—0p)* ) Wy (5 k)" — (1 —2Ty) (7). (F.22)

k=0

Under the self-oriented setting, the Lagrangian for country H is given by:

£ = Eg {Z 5t |:Lt + pat (ﬂfv - ﬁW @H.l + Bw iy — ﬂWWK/H - /BTWftq
t=0

+ﬁTW7TXV+ﬁbeV - BTW??K1> + p2,e [G + BrObE — Br (1 — ) vny

KA .
+B8r (1 =) ng—1] + pay (7TP,t — 0Pyl — m%) + Hagt (Wp,t

&k _K/—)\wk + n, — d n 4 Ky ~R
TP t+1 1_0Gyt Hs,¢ |\ Nt 1404 pittt H_(H_Kyt
1 w, A—0a)Ay w (A—0c)Ay w
_1+6+mnt‘1>] +Ho {Wﬁ RS v W v W
(1-—0g)A, . (1—-0g)A, . 2(1-o0¢)
e
2(1-o0¢) n 4(1—o0g)ky Al —o0g)kp
Aeidh PR N A+ 6+ 1) T AprA (L 10+ i) 0!

1
—(1- 5| V.
+us,t [Ms,t (1 —7) Brvpz,: 1+6+Hu5,t 1]}
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Because the central bank conducts optimal monetary policy, the FONCs un-
der the optimal monetary policy alone, Eq.(24) in the text, appear in this
Lagrangian as constraints. A similar Lagrangian is given for the government
in country F' although L} replaces L;. Note that any exogenous shifters are

omitted in this Lagrangian.

The government in country H chooses the sequence {mp, G, nq, bt}fio while

. ~ (oo}
the government in country F' chooses the sequence {W}‘)’t,yt*, nt’bZ}t=o

commitment. The FONCs are given by:

Bw 1

Bw
A, - — = _
TPt + og Mt + U3t 95 Mt—1 ~ Hai-1 + 516t + prt
1 KA K@ Bw
Ay + = - - A SR YRR
yYt + gHLt + 2y 1= O_GM3,t + 1104 ntot 1-00) g H1t-1
(l—Ug)Ay (].—UG)Ay
KAN 2 Ho,t KA Hr.t
1
_ 1_ e
Br (1 —7)vpz + ps,e T kot
ﬁTWlil,t + BrO ¢
. B 1
Armp, + g—vgﬂl,t + Ha,t — 2—2/,“1,:&—1 — -1+ E,UG,t — U7t
. 1 KA K Bw
NG + = - -——Tr S ST
g + SHLt + p2,t 1—oc Hae =7 o Hs.t 1=00) g H1t-1
(1—0’@)Ay _ (1—0G)Ay
KAN 2 Ho,t KA Hr.e
B
Twﬂl,t — BrOpa;

The fourth and the seventh equalities in Eq.(F.23) imply:

1 =073 pos=0.
The third equality in Eq.(F.23) and Eq.(F.24) imply:

M5t = 07

under

(F.24)

(F.25)

given the initial condition ps5 _1 = 0. Substituting Egs.(F.24) and (F.25) into
the first, the second, the fifth and the sixth equalities in Eq.(F.23) yields:

1
Armpe + (3,0 — p3,6-1) + §Mﬁ,t +pre = 0 (F.26)
R KA (1—0@)/\ (1—0(;)/\
Ay — Y — Y = F.2
wbt = Tt T Ty Hed PV 0 (F.27)
1
Armpy + (paye — pae—1) + SHet — KT = 0 (F.28)
. KA (I1-0g)A (I1-0g)A
ANyg; — Y - = 0 (F.29
el ey y R PV (F.29)
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Egs.(F.26) and (F.28) imply the following;:

1 1 1
SHet = —Am)V — 3 (M3t — p3,t-1) — B (Mat — pai—1) (F.30)
A 1 1
Py = —77r11§,t =5 (et = H3e-1) + 5 (ae — pag-1)  (F.31)

Combining Eq.(F.30) and Eq.(22) in the text, we have:

1 (1—0c)hy 1 1
PLaC kA w— (g —ay) - B} (p3,t — H3—1) — Shat- (F.32)

Combining Eqs.(F.27) and (F.29), we have:

2
—% (M3t — p3,6-1) — % (Mayt — pai—1) = —% (QZ/V — yzl) — (1(;/\0)762;)/\:\31 (6,6 — Mo,t—1) -
Substituting this equality into Eq.(F.32) yields:
1 (1-o0g)’A, (1-0¢6)* A,
[5 SV S VE W
This equality implies the following;:
pe,t =0, (F.33)

given the initial condition p,—1 = 0.
Substituting Eqgs.(F.24) and (F.25) into Eq.(24) in the text, we have:

R (1_‘7G)Ay ~R (1_UG)Ay ~R

TPt = KA, Y KA, Ye-1-

Combining this equality and Eq.(F.31) yields:

(1—0g)A, . . 1 1
M7t = Ty (yf - Z/?_1) 3 (13, — pai—1) + 3 (ta — prai—1) . (F.34)
Combining Egs.(F.27) and (F.29), we have:
1 1 1-0e)Ay ;. . (1—0g)*A
_5 (NS,t - ,U3,t71) + 5 (,U4,t - ,U4,t71) = —W (th - yf_l) - Tﬂy (,U7,t - M7,t71) .
Combining this equality and Eq.(F.34), we have:
 (1-0)’A,
M7t = RN, (,U7,t M?,t—l) »
which implies the following
K7t = 0) (F35)

62



given the initial condition pu7 1 = 0.
Substituting Eqgs.(F.33) and (F.35) into Eqgs.(F.26)—(F.29) yields:

e s )
Tpt = A, M3t — H3,t—1
1-0c)A, . R
(Ms,t - Ms,t—l) = % (9t — Jt—1)
; L ( )
T = _— — _
Pt A, Ha,t — Ha,t—1
1—0g)A, ,. e
(,U4,t - M4,t71) = % (yt - yt71) . (F-36)

Combining the first and the second equalities in Eq.(F.36) yields:

1-— A, ~
Tpy = —% (U — Ge—1) - (F.37)

Combining the third and the fourth equalities in Eq.(F.36) yields:

(1 — Uc;> Ay

Tpy = ———— (9 = 9{1) - (F.38)
KAA

Combining Eqgs.(F.37) and (F.38) yields:

(I—-0c)Ay . R
WXV = —KU)\—Aﬂy(tW—Z/tVL),
(1—0’@/\ N R
wf?’ = _T:y(yﬁ_yﬁl)v

which correspond to Egs.(22) and (25) in the text, respectively. Thus, the
optimality conditions for self-oriented fiscal authorities are the same as the one
under the optimal monetary and fiscal policy regime. This implies that the
social loss is the same between the optimal monetary and fiscal policy regime
under the cooperative setting and the self-oriented fiscal authorities with optimal
monetary policy.

The definitions of the composite cost push terms imply the following:

& QolFr; + QoéRr s + 16,
N . 22 . \2
() = Qotd, + Qo (&) +Qu (€,)°,

with Qg = [ (1 + ¢) Q37]%, Q10 = [ (1 + ¢) Q3 (1 —7)]* and Q1 = (ko).
Substituting these equalities into Eqgs.(F.15), (F.20) to (F.22) yields:

g o= (Qs01)? D U (Qh, k + Qo€ g + 1€l )
k=0
7T12>,t = Ui(1- ‘1’1)2 Z ‘I’%(k_l) (9951%1,t—k + Qlogjz\f,t—k + Qllfé,t—k)
k=0
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— (1 —2W1) (&G4 + Qu0&rr 4 + Q1168 4)

@) = Q) DU (908, + Do (Ghsme)” + Ot (€50-)7]
k=0
(mh)” = -0 W 90k, + Qo (Ghrpme)” + Ot (€60-)]
k=0
—(1-2¥y) {Qgﬁiﬂ,t + Q10 (5}'{/,02 + Q11 (55,02} (F.39)

Substituting Eq.(F.39) into Eq.(20) in the text, we have:

LXV _ \111 l:Aygg\Ifl

sa—wy | 2z A0 ‘1’1)] {Qg [var (€g7,6) + var (,p)]
+Q10 [var (énrt) + var (5}’(/,5)] + Q1 [var (€g.t) + var (Sé“ﬂ } ,

where we take the expectation in period zero on both sides. Substituting this
equality into Eq.(19) in the text yields:

£ = (1—5);11(11—%) [AyQ;% + A (1_%)} 0 [y (Eare) o var (G

+0 [var (Ene) + var (E,) | + Q1 [var (Ea,e) +var (§5,)] ). (F.40)

Substituting Eq.(F.39) into Eq.(26) in the text, we have:

¢ 2(1—02) 2
+Qqivar (§a.¢)]

+A(1- \Ill)] [Qovar (€x.¢) + Quovar (Enrt)

where we take the expectation in period zero on both sides. Substituting this
equality into the definition of the respective loss in country H in the text yields:

[,NC o \Ill AyQSqll
t (1-0)2(1—02) 2
+Quivar (€a.e)] -

+ AT{' (1 — \I/1>:| [QgV&I‘ (§H,t> + Qlovar (gN,t)

Substituting this equality and its counterpart in country F' into the definition
of the union-wide social loss brought about by self-oriented fiscal authorities in
both countries, we have:

NCW = ;I’(ll —) {Ayg;\l,l + A (11— \111)] {Qg [var (€m,t) + var (§p,t)]

+Q40 [var (Ear,) 4 var (Ex7,) | + Qu1 [var (€aye) + var (€5,) ]},

which implies that £ = LYYW, Furthermore, this equality and Eq.(F.40)
correspond to the equality on page 24 of the text.
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Table 1: Macroeconomic Volatility in the Case where All Goods are Tradables
(y=1

Variable Regime Shocks
aH ¢ AN gtW gtH

i OMP  2.5471e-004  0.0000 0.0013 0.0000
OMFP 2.5471e-004 0.0000 0.0013 0.0000

i OMP  1.3760e-005 0.0000 6.0145e-005 0.0000
OMFP 1.3760e-005 0.0000 6.0145e-005 0.0000

Ut OMP 0.0070  0.0000 0.0013 0.0083
OMFP 5.0941e-004 0.0013 0.0013 0.0078

o OMP 0.0065 0.0000 0.0013 0.0083
OMFP 0.0000 0.0000 0.0013 0.0078

TP OMP 0.0080 0.0000 6.0145e-005 0.0301
OMFP 2.7784e-005 0.0000 6.0145e-005 3.6616e-004

Thy OMP 0.0080 0.0000 6.0145e-005 0.0301
OMFP 5.3753e-006 0.0000 6.0145e-005 3.6616e-004

q: OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0000 0.0000 0.0000 0.0000

7 OMP 0.0119  0.0000 0.0178 0.0000
OMFP 6.8816e-004 0.0000 0.0016 0.0000

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0135 0.0000 0.0162 0.0088

b} OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0088  0.0000 0.0162 0.0088

Notes:

OMP: Optimal monetary policy alone
OMFP: Optimal monetary and fiscal policy

68



Table 2: Macroeconomic Volatility in the Benchmark Case (y = 0.5)

Variable Regime Shocks
QHt ANt 9 9

i OMP  1.2655e-004 1.5016e-004 0.0013 0.0000
OMFP 1.2655e-004 1.5016e-004 0.0013 0.0000

7V OMP  6.8366e-006 7.0097e-006 6.0145e-005 0.0000
OMFP  6.8366e-006 7.0097e-006 6.0145e-005 0.0000

Ut OMP 0.0018 0.0022 0.0013 0.0047
OMFP  2.5391e-004 2.9940e-004 0.0013 0.0078

Uf OMP 0.0016 0.0020 0.0013 0.0047
OMFP  8.0096e-007  9.2692e-007 0.0013 0.0078

TPt OMP 0.0081 0.0121  6.0145e-005 0.0408
OMFP 1.4054e-005 1.4184e-005 6.0145e-005 3.6616e-004

Ly OMP 0.0081 0.0121 6.0145e-005 0.0408
OMFP  2.4640e-006 2.2170e-006 6.0145e-005 3.6616e-004

qt OMP 0.0035 0.0048 0.0000 0.0105
OMFP  5.4188e-006 5.8689e-006 0.0000 0.0128

7y OMP 0.0059 0.0074 0.0178 0.0000
OMFP  3.4418e-004 3.8585e-004 0.0016 0.0000

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0068 0.0088 0.0162 0.0066

b} OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0044 0.0052 0.0162 0.0066

Notes:

OMP: Optimal monetary policy alone
OMFP: Optimal monetary and fiscal policy
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Figure 1: IRFs under Optimal Monetary Policy Alone in the Case where All
Goods Are Tradable
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Figure 2:

IRFs under Optimal Monetary Policy Alone in the Benchmark Case
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Figure 3: IRFs under Optimal Monetary
where All Goods Are Tradable
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Figure 4: IRFs under Optimal Monetary Policy and Fiscal Policy in the Bench-

mark Case
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Percentage Dewiation of Uility from Ite Steady State

Figure 5: Effect on Welfare of Varying Shares of Tradable Goods
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